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In introducing to the Profession this novelty in engineering literature, the 
Publisher would respectfully submit the following considerations : 

First.—Although the matter is to be selected from the professional serials, 
it will not largely consist of articles, nor slices of articles, merely cut out of 
current literature, and reprinted. 

The object is, not to present specimens, but abstracts of the current fact and 
opinion. These abstracts are intended to be the net result—the useful impres- 
sion that would remain upon the mind of an expert, after carefully reading the 
mass of matter from which they are derived. The condensation must, therefore, 
be performed more by the pen than by the scissors. 

Second.—The reason why such a magazine is introduced, is that the great 
body of Engineers and Artisans can rarely afford the money to buy, and never 
the time to digest the whole volume of professional literature. Excellent and 
indispensable as are the few serials so widely circulated, each in its own depart- 
ment, they do not largely embrace other departments, and they deal too much 
in specifications, and details of evidence and argument, to be thoroughly read ; 
they are rather consulted for special information, and filed for reference. 

It is therefore proposed that several experts, actively engaged in different 
branches of the profession, and hence competent for the task, shall specially — 
devote a part of their time to searching out and compiling such information, 
that all others interested may keep themselves informed in these great arts and 
sciences, liberally and intelligently, but also easily, agreeably, and at a small 
expense of money and time. 

Especial effort will be made to weed out of the matter compiled, all that is 
irrelevant, inconclusive, and merely formal; and also to present the cardinal 
points, rather than the minutiz of evidence and specification. 

There are, of course, occasional leaders, papers, reports, and abstracts which 
should not be omitted, but which can hardly be condensed without being gar- 
bled. 

The French and German magazines will be largely translated, and profes- 
sional news will be gathered from all sources. 

The following pages are confidently referred to, in farther explanation. 
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THE SITUATION, 


The past year has witnessed a large 
development in many new and a few re- 
markable enterprises, and it has presented 
to the profession more than the usual 
number of revolutionary schemes and 
“great expectations.” The rapid ad- 
vancement of the Pacific Railroad, and 
of lines of transportation all over the 
world; the enlargement of communica- 
tion by telegraph between innumerable 
little towns as well as between continents; 
the extension, by engineering works, of 
commerce and civilization at large, and 
more noticeably in America since our 
energies have been concentrated upon 
the arts of peace, and notwithstanding 
the commercial dullness due to political 
uncertainties, the remarkable increase 
of manufacturing and preparations for 
manufacturing in all departments;—these 
enterprises have fully kept pace with the 
requirements and the spirit of the age. 
It is proposed in the present article 
merely to refer to the condition and to 
the direction of progress in a few of the 
engineering works and problems most 
prominent just now in America. In a 
future number of the Magazine the spirit 
of the new year editorials—those careful 
and often excellent reviews of work done 
and laid out, that give so much value to 
the January numbers of the professional 
serials—will be faithfully compiled. 

Raitways.—A radical improvement has 


been commenced in locomotive practice. | p 


Ten years ago it seemed probable that 
engines and freight trains especially 
would be lightened, to save the permanent 
way. Meanwhile the economy of long 
trains, despite the rapid destruction of 
permanent way by the necessarily heavy 
engines, was established, and then, as is 
usually the case when the right system 
has been ascertained, a way—a steel way 
—was provided to carry it out. But the 
radical improvement to which we refer, 
although in the same direction, affects the 
locomotive itself. To draw heavier trains, 
and at the same time to decrease road 
wear, would seem to demand two oppo- 
site qualifications in the same machine. 
We may indeed set heavier boilers and 
machinery upon 10 or 12 driving wheels, 
but such a length of rigid wheel base 
wastes in lateral strains and frictions, 
what it saves in the distribution of verti- 





cal load. The “missing link” in the 
system was the lateral articulation of the 
locomotive, and this has now been sup- 
plied in several forms, which will be here- 
after referred to. Fairlie’s plan, already 
introduced in England and in America, 
is placing upon 2 independent loco- 
motives without boilers, a single boiler 
capable of driving both with only the 
attendance required by one. Freeborn’s 
system, which has only reached the stage 
of working drawings and expert indorse: 
ment, is the communication of engine- 
power to any number of independent 
trucks by means of bevelled gearing. 
Gearing is not a favorite word in loco- 
motive practice, but we think its standing 
is likely to be improved. 

Carrying 6 or 8 tons on 1 wheel ina 
train requires as much strength of per- 
manent way as if every wheel bore the 
same load. When driving wheels carry 
but 2 or 3 tons each, like other wheels 
(and the articulation of rolling stock 
makes this feasible), the permanent way 
may be reduced in strength and cost 
2 or 8 fold, and will be so reduced 
with advantage on lines of light traffic; or 
the endurance of a given weight of per- 
manent way may be indefinitely in- 
creased. To this end, indeed, the super- 
structure of heavily worked lines abroad 
is being strengthened, while at the same 
time the individual strains are being re- 
duced. All this promises economy in the 
working and maintenance of way and 
ower. 

It should also appear that the maxi- 
mum weights of cars are reached. There 
are sleeping coaches on the Erie road 
weighing 40 tons, with 9-ton trucks. The 
greatest profits are made, of course, on 
luxuries, and railway companies can 
hardly overdo the matter; but we think 
railway shareholders might have a little 
larger interest in such profits, and that 
the most Golden Alhambras might be put 
on more wheels, or cut up into smaller 
Boudoirs. There is, however, a growing 
tendency towards lighter parts; this 
is accomplished by better shapes, but 
chiefly by the substitution of steel for 
iron. In England, the use of iron tyres, 
crank pins, rods and axles, would be con- 
sidered barbarous, And in this country 
steel rails and tyres are introduced with 
commendable rapidity, and the demand 
for steel shapes is increasing. When iron 
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rails break by the 1,000 a month, as on 
the Erie, and tests are rarely if ever 
required by purchasers, the necessity for 
subjecting steel to the most rigid and 
often inappropriate trials seems rather 
sudden; but we hope the severity of tests 
will rather be increased than diminished 
—we only ask that they may bear some re- 
lation to actual service. 

Other improvements are coming for- 
ward. We can but mention them at the 
present writing: The close coupling of 
cars by elastic buffers to prevent oscilla- 
tion; the interposition of elastic media 
between parts subjected to jarring, as in 
frogs and wheels; the use of interchange- 
able parts in rolling stock; the lateral 
relief of rolling stock by means of the 
Bissell truck and its modifications, and 
better workmanship, chiefly due to better 
tools. 

Railway accommodation in the matter 
of car comforts, such as atmospheric air 
to breathe, and water to hold and trans- 
fer heat, is making notable progress; but 
in the matter of station conveniences, there 
is room for improvement—room in many 
instances that had better be occupied 
before it- gets too costly. If the older 
London stations— Paddington, Kings 
Cross, ete.—were not models of fitness, 
the defect has been corrected in the St. 
Pancras station 690 feet by 240 feet under a 
single roof. But in the western metrop- 
olis we have no railway stations—only 
places on the map at or about which 
passengers embark or alight. This is, 
perhaps, not to be regretted. Any costly 
down-town stations in New York would 
only postpone the grand work that is 
certain to be built—a roof 1,000 feet 
long and indefinitely wide, in Harlem, 
where passengers land from underhouse 
or overhouse railways leading to the 
Battery, and whence they depart directly 
for the east and north, and by way of a 
high bridge across the Hudson for the 
south and west. In Philadelphia a 
similar grand plan is more nearly worked 
out. All the lines entering that city will 
soon terminate under a new St. Pancras 
on the bank of the Schuylkill, opposite 
the waterworks. In the western cities 
the building of stations has been under- 
taken on a liberal scale, and in many 
cases carried out on a permanent and 
suitable plan. 





ing them under Government manage- 
ment, is not likely to be undertaken here 
at present; but the thorough discussion of 
the subject in England will at least reform 
abuses in the present system. 

Meanwhile highway transportation, 
which has been growing more expensive 
and unsatisfactory for 1,000 years or 
more, is likely to be improved. In the 
vicinity of cities, light steam passenger- 
cars are substituted for horse-cars. Mr. 
Bridges Adams advocates the laying of 





rails on all principal highways. Not- 
withstanding the better adaptation of the 
steam-carriage to indifferent roads by 
means of rubber tyres, some sort of rail 
or tram giving a smooth, hard bearing, 
will be found indispensable, whatever 
motive power may be used. The advan- 
tages of the rail are minimum width and 
cost of way, and convenience in steering; 
its disadvantages are flange friction and 
inconvenience in turning out. The plank 
road is too perishable to be considered, 
except as a temporary expedient. The 
great American mud road is utterly bad, 
unnecessary, and disgraceful. In short, 
what we have to do is to pave the way for 
cheap steam power. Cheaper and quicker 
common road transportation is one of 
the most important and most neglected 
problems of the day; railway managers 
little realize what they are losing by 
ignoring it. Thousands of isolated vil- 
lages that go to seed under the “ accom- 
modation” of a Concord coach at 4 
miles an hour, would grow into large 
centres of trafiic and revenue if connected 
with the nearest railway by a tram-road, 
upon which a 4-ton locomotive could run 
at 8 miles an hour. But until very lately 
the idea of an intermediate stage between 
a 100-ton train on a regulation railroad, 
and alumber wagon in the mud, seems 
not to have been largely considered. 

Tron anp Sreet.—It would be difficult 
to exaggerate the collateral advantages of 
the Bessemer process. Were that great 
art to be lost to-day, the impetus it has 
given to cognate arts—to invention and 
discovery in the treatment and means of 
treating iron at every stage, from the 
mine to the ultimate market, would have 
already rendered it the most important 
invention of modern times. We cannot 
undertake in this article even to mention 
all the promising enterprises in this direc- 





The disestablishment of railways, plac- 





tion. The Bessemer process in Europe is 
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producing not less than half a million 
tons of steel per year. In America it is 
now fully established. After making 
some bad steel, and some that was un- 
suitable for the purposes intended, in the 
course of long experiments with untried 
irons, the mills at Troy and Harrisburg 
are now regularly turning out rails and 
shapes that are as regularly accepted 
after rigid tests and comparisons with the 
foreign steels. The Freedom and the 
Cleveland works have also commenced 
successful manufacture. Suitable ores 
for Bessemer steel are plentiful in all 
parts of the United States. But the blast 
furnace practice, with some exceptions, is 
irregular and uncertain. 

One of the collateral advantages of the 
Bessemer process abroad, has been the 
creation of such a demand for pure, 
highly carburized, uniform pig iron, that 
any expense was warranted in order to 
meet it. And the sooner the furnace 
managers in this country grapple with 
this problem, with a determination to 
solve it, the better it will be for all con- 
cerned. Speaking of blast furnace prac- 
tice, the hot blast, always considered 
economical, but not always productive of 
the best iron, is now deemed equally val- 
uable for both quality and quantity. 
The hot blast brings down more impuri- 
ties, but suitable fluxes eliminate these im- 
purities. The utilization of furnace gases 
was at one time abandoned in certain dis- 
tricts, but more skilful working has re- 
moved the difficulties encountered. In- 
deed, in the best American practice, the 
detention of the gases at the tunnel head, 
by means of mechanical feeding appara- 
tus, has been found unnecessary; the gases 
are utilized before they arrive at the tun- 
nel head. It should certainly seem ab- 
surd to throw into the air a great volume 
of flame, and then complain that there is 
no flame-giving gas to be spared. In- 
creased height of furnaces—over 100 feet 
in the Cleveland district—has largely in- 
creased the yield, and bettered the quality 
of pig-iron. The increased contact of the 
iron with incandescent carbon from this 
cause, is of peculiar advantage for the 
production of Bessemer metal. It is true 
that the increased temperature due toa 
high stack and the hot blast reduces and 
combines every metal of which the ore ex- 
ists in the material charged—manganese, 
aluminium, silicum, etc.—but the greater 





number -of the metals so reduced are 
valuable alloys, and the remainder may 
be eliminated by proper fluxing. But the 
capacity of the English coke to sustain 
the weight of the charges in a 100 feet 
furnace is an advantage that cannot be 
certainly predicted for our anthracite. 
It is to be hoped that the proper shaping 
of the boshes, and other mechanical and 
working features, will give us an equal ad- 
vantage—or rather, it is to be hoped that 
our blast furnace managers will test, at 
some little cost, the capacities of home 
materials with reference to modern for- 
eign practice. We are not doubtful as to 
the result, if we can only get a thorough 
test. 

Several new processes for decarburizing 
crude iron are on trial. In America the 
mixture of magnetic ores with fluid cast- 
iron, and in England the pouring of crude 
iron upon a carbon-bearing mineral— 
nitrate of soda—are at least practicable 
substitutes for the finery process. Whether 
they are more than this remains to be 
proved, and the hopes of a wider range 
of interests than those directly concerned 
are hanging upon the results. 

The development of flame furnaces, for 
heating and puddling, is one of the lead- 
ing improvements. The Siemens furnace 
almost rivals the Bessemer process in 
practical economy. The production and 
burning of coal gas has been achieved 
by various inventors, in various ways, but 
the regenerative feature of the Siemens fur- 
nace enablesit to maintain an intensity and 
a regulated quality of flame, that should 
preserve the material treated and the fur- 
nace itself against excessive waste. Un- 
der the Pomeroy patents, the use of man- 
ganese as a purifier, and of steam both 
as a heating and a purifying agent in the 
furnace, excellent steel is being produced 
from old iron rails and Franklinite ore or 
residuum. The Chenot steel process, de- 
pending upon the securing and utilization 
of the wrought-iron sponge first formed 
in the blast furnace, and other modes of 
treatment at every stage of manufacture, 
are having the benefit of thorough trial. 
The Siemens-Marten process, the produc- 
tion of steel of various grades from crude 
wrought-iron and cast-iron, in the Sie- 
mens furnace, is well established abroad, 
and has been successfully commenced, 
under favorable auspices, here. 

Meanwhile the old crucible steel pro- 
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cess, or rather the new crucible steel pro- 
cess, instead of being superseded by the 
other processes, has had the benefit of 
such improvements and economies, that 
it is still the close competitor of them all. 
It is fortunate for us that the best English 
talent and experience has found a resi- 
dence among us. 

For the production of steel castings, 
the Bessemer process is thus far inade- 
quate—the metal cannot remain “dead 
melted” long enough to part with its 
bubble-giving gases. But the crucible 
process is to-day producing steel castings 
—gearing, frogs, cranks, and substitutes 
for wrought-iron forgings, that are excel- 
lent substitutes for forgings, in every par- 
ticular. This manufacture is so new 
among us that we hardly appreciate its 
importance. 

In the machinery for working iron and 
steel, we have more meial and better 
fitting. The steel rail train at Harris- 
burg and the new iron trains at Reading 
are as ponderous and accurate as marine 
engine work. We have but few heavy 
steam hammers in this country, and no 
hydraulic forging presses. The use of 
wrought-iron box-frames for hammers, 
cranes, etc., has hardly commenced here, 
although it is common abroad. 

Sream Navication has experienced no 
radical change of late. The size of ships 
is creeping up to Great Eastern propor- 
tions. The greater the size, the less the 
working cost for a given speed; always 
provided the vessel is loaded to her full 
capacity. The Great Eastern is simply 
premature. A most important change in 
the structure of iron hulls is hardly rec- 
ognized by the leading builders, strange 
to tell, although long since brought for- 
ward. This is the longitudinal system— 
running the ribs lengthwise instead of 
vertically, so as to add their enormous 
strength in the direction of the principal 
strain. No amount of strength in the 
present vertical frames of a ship will pre- 
vent her breaking in two. In marine en- 
gines and boilers there is little change, 
although there has been much costly ex- 
perimenting. Excessive superheating, sur- 
face condensation, high-pressure, and the 
use of liquid fuel, are slow and difficult 
problems. Wood bearings have over- 
come the chief obstacle in the working of 
heavy screw machinery, and the screw 


| from the sea. With the screw the power 
of the wind can be added to that of steam, 
but paddles work at a disadvantage in 
a vessel rolling and careening under u 
spread of canvass, 

Tron Srrucrurss, bridges, houses, etc., 
are multiplying among us. On the prin- 
cipal railways, such as the Pennsylvania, 
the wooden bridge is the exception. If 
the old wooden trusses and trestles so 
common on the older American roads, are 
not soon pulled down, there will be some 
frightful “accidents.” We regret to ob- 
serve that so many costly buildings are 
going up in our cities with wooden floors. 
We think it could be proved that iron 
would pay in the long run, at twice its 
present cost. A little economy of exter- 
nal and as a rule inappropriate ornamen- 
tation, would pay for fire-proof and du- 
rable floors. 

New Sources or Powrer.—Captain Erics- 
son’s startling proposition to utilize the 
direct heat of the sun, has been published, 
and, in fact, practised on an experimental 
scale during the past year. The foreign 
authorities do not receive the announce- 
ment hopefully and with proper respect, 
but they are accustomed to sudden con- 
versions, asin the matter of the monitors. 
The application of tides and wind to me- 
chanical uses has hardly been advanced. 
Here are three forms of power—infinite, 
universal, and free—going to waste centu- 
ry after century, while we are delving in 
the depths and under the sea for costly 
coal to convert into power. We cannot 
believe that the limit of human ingenuity 
is reached—rather that these subtle forces 
are held in reserve for the uses of a wider 
and grander civilization. 





THE NEW YORK SOCIETY OF PRACTICAL 
ENGINEERING, 

This Society, organized a few months 
since, holds regular fortnightly meetings 
at room 24 Cooper Institute building, for 
the discussion of engineering subjects ot 
a practical nature and of public interest. 
Meetings were held on the evenings of 
November 24 and December 8 respec- 
tively, the President (James A. Whitney) 
in the chair. 

At the meeting of the 24th ult., the 





steamer is driving the paddle steamer , 


regular paper on “Elevators and Hoist- 
ing Machinery” was read by Mr. T. P. 
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Pemberton. The writer passed from a | Mr. Ferris, from California, gave a de- 


brief consideration of the most primitive 
methods of raising weights by means of a 
rope thrown over the branch of a tree to 
the construction of the rude capstans and 
windlasses that, until within the past 
hundred years, were used on the vessels 
and in the mining operations of most 
nations, and are still found on Chinese 
junks. From this he passed to a classifi- 
cation and description of the several 
classes of elevators now employed in 
mines, buildings, manufactories, etc. The 
use of traversing cranes for large work- 
shops was strongly advocated, and 
sketches given of those employed in 
England, and capable of lifting and 
carrying a large locomotive from one 
end of the shop to the other. The use 
of ropes, either of hemp or wire, in 
elevators for carrying persons was dis- 
countenanced, and elevators worked by 
screws were recommended for all such 
cases. In the discussion which followed, 


a method was explained by which it is 
believed large masses of rock were lifted 
in ancient times, and which consists in 
tilting the rock alternately upon each of 


two fulcrums placed at a slight distance 
apart under the centre of the mass, each 
fulcrum being slightly raised as the rock 
was tilted up therefrom. An elevating 
apparatus which is used in Great Britain, 
and to some extent in American mines, 
was described as consisting of two verti- 
cal series of platforms, having an alternate 
reciprocating movement in opposite direc- 
tions, so that by stepping to and from 
the platforms of one series to those of 
the other, the miners, by the upward 
movement of the platforms, may be 
carried from the bottom to the top of the 
shaft. 

At the meeting of the 8th inst., the 
regular paper on ‘Modern Improve- 
ments in Mining Apparatus” was read 
by Mr. Wm. B. Harrison, and sketched 
the development of machinery in mining 
operations from the primitive wash-pan 
to the modern improvements in stamp- 
mills, amalgamators, and the like. An 
interesting discussion sprang up after the 
reading of the paper, in which Dr. A. W. 
Hall sketched his experience in the min- 
ing districts of the Rocky Mountains, and 
the economy which has resulted in the 
amalgamating process, by placing the 
mercury as a coating upon copper. A 





tailed description of the method of 
hydraulic mining in that State. Dr. J. 
N. C. Smith, ex-Mayor of Boston, gave a 
graphic description of what had fallen 
under his observation in travels in Asia, 
stating his belief that unknown mines 
still exist in that ancient country, and 
giving also a sketch of a rude turbine 
wheel which he had seen in one of the 
valleys of Anti-Lebanon, and which had 
been in use there for ages before Ameri- 
can turbines were thought of. After 
some further discussion on ancient and 
modern appliances relating to the matter 
in hand, the Society adjourned for two 
weeks, with the announcement that at the 
next meeting the regular subject for con- 
sideration would be “The Prevention of — 
Marine Disasters.” 





ENGINEERING PROBLEMS. 


The Council of the Institution of Civil 
Engineers invite communications on the 
subjects comprised in the following list, 
as well as upon others; such as, Ist. 
Authentic Details of the Progress of any 
work in Civil Engineering, as far as ab- 
solutely executed (Smeaton’s Account of 
the Eddystone Lighthouse may be taken 
as an example); 2d. Descriptions of En- 
gines and Machines of various kinds ; or, 
3d. Practical Essays on Subjects connected 
with Engineering, as, for instance, Metal- 
lurgy. For approved original communi- 
cations the council will be prepared to 
award the premiums arising out of special 
funds devoted for the purpose. 

1. On the present state of knowledge 
as to the strength of materials. 

2. On steam cranes, and on the appli- 
cation of steam power in the execution of 
public works. 

3. On the theory and details of con- 
struction of metal and timber arches. 

4. On land-slips, with the best means 
of preventing or arresting them, with ex- 
amples. 

5. On the principles to be observed in 
laying out lines of railway through moun- 
tainous countries, with examples of their 
application in the Alps, the Pyrenees, the 
Indian Ghits, the Rocky Mountains of 
America, and similar cases. 

6. On railway ferries, or the transmis- 
sion of railway trains entire across rivers, 
estuaries, etc. 
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7. On the systems of fixed signals at 
present in use on railways. 

8. Description of a modern English 
locomotive engine, designed with a view 
to cheapness of construction, durability, 
and facility of repair. 

9. On the leading points of difference 
between the engines and carriages in use 
on railways in the United States and in 
Great Britain, and the reasons for any 
peculiarities in the American practice, 
with details of the cost of maintenance. 

10. On the most suitable materials for, 
and the best mode of formation of, the 
surfaces of the streets of large towns. 


11. On the construction of catch-water | 


reservoirs in mountain districts for the 


_ supply of towns, for irrigation, or for 


manufacturing purposes. 
12. Accounts of existing water-works, 
including the source of supply, a descrip- 


tion of the different modes of collecting | 


and filtering, the distribution throughout 
the streets of towns, and the general 
practical results. 

13. On pumping machinery for raising 
water, both for high and low lifts. 

14. On the drainage of towns and the 
ultimate disposal of town refuse. 

15. On the employment of steam power 
in agriculture. 

16. On the ventilation and warming of 
public buildings. 

17. On the design and construction of 
gas-works, with a view to the manufacture 
of gas of high illuminating power; and on 
the most economical system of distribu- 
tion of gas, and the best modes of illumi- 
nations in streets and buildings. 

18. Critical observations on estuary 
tides. 

19. On the construction of tidal or other 
dams, in a constant or variable depth of 
water; and on the use of wrought iron in 
their construction. 

20. On the arrangement and construc- 
tion of floating landing stages, for passen- 
ger and other traffic, with existing exam- 
ples. 

21. On the different systems of swing, 
lifting, and other opening bridges, with 
existing examples. 

22. On the measure of resistance to 
bodies passing through water at high 
velocities. 

23. On the results of the best modern 
practice in ocean steam navigation, hav- 
ing regard particularly to economy ot 


working expenses, by superheating, sur- 
face condensing, great expansion, high 
pressure, etc.; and on the “ life” and cost 
of maintenance of merchant steamships. 

24. On ships of war, with regard to 
their armor, ordnance, mode of propul- 
sion, and machinery. 

25. On the measures to be adopted for 
protecting iron ships from corrosion. 

26. On coal mining in deep workings, 
including machinery for dispensing with 
gunpowder in “getting” coal. 

27. On the present systems of smelting 
iron ores, of the conversion of cast-iron 
into the malleable state, and of the manu- 
facture of iron generally, comprising the 
distribution and arrangement of iron- 
works. 
| 28. On machinery for rolling heavy 
| rails, shafts, and bars of large sectional 
| area, and for forging heavy masses of 
' metal. 
| 29. On steel, and its present position 

as regards production and application. 

30. On the safe working strength of 

iron and steel, including the results of 
experiments on the elastic limit of long 
bars of iron, and on the rate of decay by 
rusting, etc., and under prolonged strains. 

31. On machinery for washing lead 
ores. 

32. On the present state of submarine 
telegraphy, and on the transmission of 
|electrical signals through submarine 


| cables. 








HE Greatest American Rarway.—The 
. Pennsylvania Railroad has at last ef- 
| fected the actual consolidation with it of 

its two main Western connecting routes. 

The Pittsburgh, Fort Wayne, and Chicago, 
‘and the Pittsburgh, Cincinnati, and St. 
| Louis Roads thus become practically a part 
of the Pennsylvania Central, and over 1,000 
mniles of railway, stretching from the sea- 
board to the great cities of the Mississippi 
Valley, pass under the control of a single 
corporation. The nature of this gigantic 
combination, effected by the great. Penn- 
sylvania line while ours are busy feeing 
lawyers and procuring injunctions, may 
be better comprehended in the light of 
the fact that it brings under one manage- 
ment property valued at $280,000,000, and 
reaches for freight and passengers from 
Philadelphia to Chicago, Cincinnati, and 
St. Louis.—W. Y. Tribune. 
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EXCAVATING [N QUICKSAND. 


SHEET PILING ; PUDDLE WALLS; OBSTRUCTING 
WATER. 
Condensed from a poper by Wm. J. McAlpine, C. E., before 
the American Society of Civil Lngiueers, 

Description or Works.—In the autumn 
of 1866 an earthen dam was built across 
a small valley near the head of the Acush- 
net river, to form the storing reservoir of 
the New Bedford Waterworks. The dam 
was 600 feet long, 25 feet high, 20 feet wide 
on top, with slopes on each side of 2 to 1. 
The earth about the dam isthe decomposed 
primary rocks, similar to that of the general 
coast range, being coarse and fine gravel 
and sand, with alittle vegetable loam on the 
surface, and with no clay or almost none. 
Below the surface muck was a stratum of 
kard pan of irregular thickness from one 
to three feet, and beneath this was a bed 
of fine sand, which by subsidence and 
pressure was so hard as often to require 
to be picked before it could be removed 
with the shovel. 

The earthen dam was exceedingly well 
built. There was a puddle wall of ample 
width in the middle, which was extended 
in all cases to the hard pan, and generally 
4 to 6 feet below it, with a “toothed” 
bottom. The muck under the upper slope 
of the dam was removed to the hard pan, 
and in some cases the muck was also re- 
moved from beneath the lower slope. The 
puddle wall was made of the best mate- 
rials that could be procured in the neigh- 
borhood, which was fine gravel, mixed 
with coarse and fine sand, and the loamy 
sand from the surface, all of which were 
incorporated together by the free use of 
a large quantity of water and by cutting 
with spades. The upper slope of the dam 
was protected by a well-made slope wall 
of very large-sized quarry stone. The 
reservoir or lake when full, covered about 
200 acres, and the water was 20 feet deep 
at the dam. The gate house was built at 
the western end of the dam at the foot of 
the upper slope of the bank, and the 
waste culvert and conduit were extended 
from it entirely throuth the earthen dam. 
The foundations of the gate house and 
culvert were placed at the level of the 
lowest water in the river, which was about 
3 feet lower than the surface of the 
swamp and were made by placing on the 
hard compact sand, a floor of large un- 
hewn blocks of granite, with the edges 





and end joints hammered off to lines. 
The stones were laid on a bed of hydraulic 
cement mortar, and great care was taken 
to fill the vertical joints tight. The waste 
culvert was in the form of a segment of a 
circle of 8 feet chord, and 3 feet versed 
sine. The conduit was an oval of 3 and 4 
feet diameters, made by 3 courses of brick. 
Its grade was 5 feet higher than that of 
the culvert, and it was supported on top 
of the latter from the gate house to near 
the middle of the bank, and then was 
curved to the right and was supported 
through the lower half of the embank- 
ment on a puddle wall. All this work 
was laid in excellent-hydraulic mortar. 

The lake was filled with water during 
the early summer of 1867, and remained 
full until February, 1868. The dam and 
the waste culvert were frequently exam- 
ined during this period of 6 months. 
The dam itself was perfectly tight. A very 
small stream of water escaped at the 
lower end of the waste culvert, but this 
ran clear, and evidertly came from the 
hill side. The workmen drank it, because 
of its purity and low temperature. The 
water in the lake at that time was highly 
colored, and at a comparatively high tem- 
perature. There were a few very small 
holes in the bottom stone and in the arch, 
where very cold clear water escaped 
almost in drops. The author first visited 
the work in June, 1867. The lake had 
not then been filled, but the water in the 
river had been shut back so as to be at 
a level 5 or 6 feet higher than the bot- 
tom of the gate well. A leak had occurred 
through its foundation (the stone pave- 
ment), which had brought up with the 
water considerable fine sand. A new 
floor was then being laid on the inside of 
the well, which completely stopped the 
leak at that place. 

Tar Breaca anv rts Cavses.—About the 
middle of February, 1868, there occurred 
en exceedingly heavy fall of rain, and as 
there had been two months of previous 
heavy rains, and the ground was then 
frozen, the engineer apprehended that 
the water might rise too high in the lake. 
He therefore raised one of the gates at 
the gate house, giving an opening of 6 
square feet under 20 feet head. Three 
days later he sent an intelligent man to 
close this gate. This person asserts posi- 
tively that he shut the gate, but he adds 
that the water continued to flow out 








., A ie, ae ek a ee ee 


Rnd fret we WMO ee AO Oe 








gel, A 











VAN NOSTRAND'S ENGINEERING MAGAZINE. 








through the waste culvert in undiminished 
quantity, and it is therefore certain either 
that the rod attached to the gate was 
broken from it, and thus the gate was 
not closed, or that the leak in the gate 
well of the previous June had made a 
passage under the gate house, and had 
forced upward some of the pavement 
stones of the waste culvert. 

Several intelligent persons were at the 
dam within 1 day of the time that the 
breach occurred, and did not observe any- 
thing wrong. Noone witnessed the breach, 
which occurred 48 hours after the gate 
was supposed to have been closed, and 
swept out 100 feet in length of the em- 
bankment, and discharged probably with- 
in a few hours 300,000,000 of gallons of 
water. Fortunately the dense cedar 
forest which extended for half a mile be- 
low the dam, so much obstructed the flow 
of this large body of water as to prevent 
much damage on the river below. The 
rush of water at the dam undermined 
the waste culvert and lowered the pave- 
ment 2 or 3 feet, and also toppled over the 
gatechamber. The author visited the work 
the middle of May to determine upon the 
plans for the repairs of the dam and 
works. It was very important to discover, 
if possible, the causes which had produced 
the breach, but a sufficient number of 
facts had not been ascertained to deter- 
mine these causes definitely, and it there- 
fore became necessary to review all of 
those which might have produced the ac- 
cident: 

1. The stone pavement had been placed 
on a bed of quicksand, which although 
very hard and compact when dry and un- 
disturbed, became a semi-fluid when satu- 
rated and subjected to disturbance. It 
was well bedded in hydraulic cement 
mortar, and the joints filled as close as 
possible, but it was practically impossible 


- to make these joints all perfectly tight, 


and many of the openings between the 
stones, in places, were of considerable 
width. The discharge water passing 
through the culvert had a velocity of 10 
feet per second, which was sufficient to 
force its way downward into any imper- 
fect joint, and to rapidly wear away any 
portion of imperfect mortar until it 


to settle, and then the current would rap- 
idly extend its efforts under other stones, 
and soon cause the culvert to settle and 
break and leave the lake water free egress 


through the embankment. That the 
pavement had some such imperfect joints 
was shown by the leak which had occurred 
in June previously, and that the pave- 
ment was undermined as above hypothet- 
ically stated, by finding the stones ata 
level 2 or 3 feet lower than that at which 
they were originally laid. 

2. The segmental form of the waste cul- 
vert arch produced a horizontal thrust 
upon the stones forming the foundation. 
These stones did not extend entirely across 
the foundation (transversely). That: is, 
from 3 to 4 stones were used to make up 
the width of 12 feet. This thrust was pro- 
duced by the weight of the stone arch and 
of a body of earth, which, in moist condi- 
tion, would bring a weight of 40 tons per 
lineal foot on the arch, and to resist it 
was only the inertia of half a ton, the 
friction on the earth, and the resistance to 
the compression of moist or wet earth of 
less than 2 square feet area. These sing'e 
stones may, therefore, have been forced 
into the earth horizontally, and thus joints 
opened to the attack of the current of 
water, or the arch stone may have slid 
upon the pavement, and in either case al- 
lowed the arch to fall and thus open a 
passage for the lake water through the 
embankment. 

3. The conduit having an unequal sup- 
port in passing through the embankment, 
may have become cracked at or near the 
place where it lost the support of the 
calvert masonry, thus admitting water 
into the embankment (which in this place 
had been made of fine sand), thus carry- 
ing it off. 

4. The water from the lake under 20 
feet head might have forced a small pas- 
sage through the fine sand entirely below 
the base of the dam and of the founda- 
tion of the masonry, and gradually enlarg- 
ingitself have finally produced the breach. 

A consideration of all of the circum- 
stances of the case led to the belief that 
the breach was caused by the first of the 
conditions above named, and that it was 
probably aided by the second. Never- 
theless, it was regarded as prudent to 





reached the very fine sand on which the 
pavement rested; and this would be 
quickly removed by such a current of 


water, and cause i or more of the stones . 


provide in the new work as far as possi- 
ble, against all of the causes which might 
have produced the disaster. The plans 
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which were determined for the repairs 
were as follows : 

Prans For Reparrs.—1. To remove the 
quicksand across the breach, for the 
whole width of the base of the dam, as 
low as could be done without great ex- 
pense, and replace it with fine gravel, 
mixed with a little loam (which was the 
best material which could be procured 
without hauling a dozen miles). 

2. To place the waste culvert at a level 
3 feet higher than in the original 
structure, so as to have its foundation 
resting on the greatest possible depth 
of gravel, and to build the culvert and 
conduit as 1 piece of masonry entirely 
through the bank. 


3. To place the gate house about’ 40) 


feet above the upper toe of the dam, 
and extend a bank of gravel to cover 
the culvert and conduit from contact 
with the water in the lake. 

4. To place within the main bank 2 
rows of water-tight sheet-piling, which 
should extend as deep as possible into the 
quicksand below, and at least 20 feet hori- 
zontally into the old bank to the east of 
the breach, and at least as far into the 
side hill at the west, and to make a gravel 
puddle wall between these rows of piling, 
sunk as deep and as far into the banks at 
the ends as practicable. 

5. To remove the slope wall from the 
face of the old bank and from the hill side 





for at least 60 feet horizontally, and face 
the bank anew with gravel of 3 feet thick- | 
ness at top and 6 feet at bottom (at right 
angles to the slope). 

To foot this facing at least 4 feet deep | 
into the swamp, and in all cases to the, 
stratum of hard pan, to which it should | 
be carefully connected, and to uncover this | 
stratum of hard pan for a circuit of 100 
feet radius above the toe of the dam, ex-| 
amine its depth and make it (by adding | 
gravel) a perfect lining over the whole 
bottom, and at its upper extremity to 
connect it with a cut-off of gravel sunk 4 
feet deep into the underlying stratum of 
quicksand. 

These precautions may at first thought 
seem to have been further extended than 
the case warranted, but a personal ex- 
amination would soon convince an expe- 
rienced engineer that it was really one of | 
the worst cases that he is often required | 
to meet. The disturbance in the bed of | 
quicksand had changed it from a material | 





of hard consistence to a semi-fiuid, 
which flowed in from all directions and 
left the whole of the earth about the work 
porous or perhaps cavernous. 

Surer Prme.—Engineers often use 
sheet-piling by driving single planks or 
timbers, sometimes with tongues insert- 
ed and sometimes with a double course 
breaking or covering the joints. The au- 
thor holds the opinion that in most cases 
such sheet-piling is not only useless, but 
is positively detrimental, and for a great 
many years he has used none but placed 
sheet-piling; that is, by excavating a 
trench to the requisite (or greatest prac- 
ticable) depth, and placing in the bottom 
a timber, to which closely jointed plank 
are spiked (being also spiked to a similar 
timber at the top), and covered by a 
second course of jointed boards or plank. 
In other words, making a barrier perfect- 
ly water-tight against the head of water 
which will be brought against it. When 
the plank are thus placed, the trench is 
filled with fine gravel mixed with a little 
loam. It is impossible to drive plank 
singly and make a water-tight joint. The 
tongues or coverings are generally use- 
less. 

To prove this, let the greatest care be 
taken in driving some plank in a dry 
place. Then remove the earth and you 
will find the bottom joints of the piling 
open in both directions; and if tongues 
have been used, many of them will be 
found to have been split off at the bottom, 
and useless, and nu covering plank can 
be put on, much less driven, which will 
make the joints water-tight. Such sheet- 
piling will not resist one foot head of 
water; and if water will pass through, 
then will the fine sand and loam or clay, 
and the whole piling becomes not only 
useless but deceiving to the engineer who 
has relied upon it; and who may from 
that cause lose his structure. 

Anates To Orstrucr Wartrer.—But this 
is not all of the danger to be apprehended. 
Water will follow along a smooth surface 
for a great distance (horizontally and 
vertically ), until it finds these open joints, 
through which it will freely pass, and 
then upon the opposite side, where it will 
continue to search for some escape under 
or around the structure. Water abhors 
angles, and by compelling it to make a 
sufficient number, its head can be entirely 
destroyed and prevent any damage. The 
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interposition of these angles is often the llevel of the river, viz: a very fine 
weapon of defence that the engineer can | sand, in fact a very troublesome quick- 


avail of, against his worst enemy, and | sand. 
In placed sheet- | piling-trench in this semi-fiuid to a depth 


most useful ally—water. 


It was necessary to excavate a 


piling you can provide at the bottom as|of at least 15 feet. On the one side 


many of these right angles as you deem 
necessary by means of the plank and tim- 
bers, which will generally give you seven 
angles, and these may be increased to,any 
desired number. 

Cray vs. Grave. Puppre.—Many young 
engineers fill their piling trenches with 
clay puddle. The author greatly prefers 
fine gravel, with a little loam mixed with 
it. The first coffer dam at the United 
States dry dock gave way, chiefly because 
it was filled with clay. The one built by 
the author withstood a great pressure 
because it was filled with gravel. Even 
paving stones were allowed to be put in 
the coffer dam, where they were sur- 
rounded by gravel. The particles of clay 
are cohesive, and a vein of water never so 
small, which finds a passage under or 
through clay, is continually wearing a 
larger opening. The particles of fine 
gravel, on the other hand, have no cohe- 
sion. Such a vein of water as has been 
mentioned, first washes out from the 
gravel the fine particles of sand, and the 
larger particles fall into the space, and 
these small stones first intercept the 
coarser sand and next the particles of 
loam, which are drifted in by the current 
of water, and thus the whole mass pud- 
dles itself better than the engineer could 
do with his own hands. The vacuities 
produced below, by this operation, are 
indicated by the settlement at the top, 
where more gravel, etc., can be added as 
is found necessary. 

An embankment of gravel is compara- 
tively safe, and becomes tighter every day. 
One of clay is much tighter at first, but is 
always liable to breakage, from the causes 
already mentioned. For the same reasons 
the piling trench should be filled with 
gravel, so that if any vein of water escapes 
through or below the sheet-piling, the 
weight of the gravel will crush down and 
fill up the vein, before it can enlarge 
itself enough to produce danger. 

Drerictttres To BE Overcome. — The 
problem now before us was one of con- 
siderable difficulty. The sounding rods 
showed that the material to a depth of 
from 20 to 25 feet, was of the same 
character as that at and above the 


| 








we had the river flowing through a wooden 
sluice and canals, and a heavy embank- 
ment of 25 feet height pressing down 
upon the bed of quicksand adjacent 
to the pit. On the other side was a steep 
side hill of 50 feet height pressing down 
upon a similar bed of quicksand. The 
excessive rains had filled the swamp and 
lands adjacent to the pit with water, to 
their utmost point of saturation. This 
quicksand was very pervious to water, 
and hence a large quantity of water might 
be anticipated to come into the pit during 
the operation, and if the work was pro- 
tracted, the high banks on each side 
would be undermined and cave into the 
it. 
, A steam engine of nominally 10-horse 
power and a pump, delivering 40 cubic 
feet of water per minute 13 feet high, 
were provided, but the power applied was 
5} times the effect produced, which cover- 
ed the friction of the machinery, increased 
greatly by the sand, and the loss of the 
water by loose buckets. The power of 


| the engine was exhausted by the time the 


depth of 12 feet was reached. 

Russ ror Removine Quicksanp.—There 
are 3 rules to be observed in excavat- 
ing quicksand, and they are here stated 
concisely so as to impress the reader: 

1. The water must be removed promptly 
and thoroughly. 

2. The excavation must be made with 
the utmost despatch. 

3. The material must not be disturbed 
after it begins to quake. 

Now, these rules are almost never ob- 
served. It is almost impossible to make 
either engineers, foremen, or workmen 
follow them, and hence arise the chief 
difficulties and expense of removing quick- 
sand. If they are strictly followed, the 
author guarantees that the difficulties and 
expense will be reduced one-half at least. 
Quicksand is defined to be a mixture of 
fine sand, with such a proportion of clay 
or loam as enables the mass to retain 
water within itself; and when in this con- 
dition, after it has been trampled upon 
for a short time, it begins to quake, so 
that it may also be called “ quakesand.” 
When it reaches this condition, if it is left 
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quiescent for a few hours, the heavier | sunk in the lowest place to a depth of 
particles of sand and clay settle down and 12 feet, and then it appeared that the 
expel the water, and the mass becomes | extreme power of the steam engine to re- 
again firm. If, on the other hand, it is| move the water had been reached, and it 
further disturbed by the feet of the work- | soon became impossible to keep open the 
men, it becomes more and more fluid, | radiating ditches, and consequently the 
additional material flows in from the| earth between them became suffused, and 
sides, and no progresscau be made in the | soon after the whole of the lower portion 





excavation. 


When the engineer has such a work in | 
hand he should provide an ample pump- | 
ing power. And here it may be noted | 


that in most cases he will find that a 
power even 5 times as great as he an- 
ticipated will often in the end prove most 
economical. The pumps should be capa- 
ble of lifting sand as well as water, and 
those are best which are not liable to be 
clogged. This is of more consequence 
than that they should work with a good | 
“ duty.” 

The author has found that in most 
cases sheet-piling protections around the 
pit to prevent the influx of sand are use- 
less and often detrimental. If there is 
room to allow the excavation to take its | 
natural slope, and the 3 rules are ob- 
served, the sheet-piling protection will | 
be found unnecessary. Quicksand in a 
dry state may be excavated nearly verti- 
cal. These views will be illustrated by 
describing the operations at the place in 
question. 

Tue Operations or Rerarrs.—The pit 
was commenced on top about 59 feet 
wide and 100 feet long. There were 30 
laborers employed, who were arranged as 
follows: Six were kept constantly em- 
ployed in removing and casting aside the 
sand from about and under the pump, to 
keep it far below the other paris of the 
excavation; 12 men were constantly 
employed in opening small ditches radi- 
ating out from the pump pit; 6 men 
were employed in excavai.ng the ridges 
left between the radiating ditches, and as 
long as the latter were kept open these 
ridges offered perfectly dry digging. The 
remainder of the men were employed in 
casting further back the earth which was 
thrown out by the 6 men last mentioned. 
It will be seen that the actual removal of 
the earth was measured by that done by 
only 6 men out of 30, but these men had 
perfectly dry work. 

All things being in readiness, the work 
of excavating was commenced early in the 


morning, and by mid-day the pit had been 











was transformed from hard compact sand 
to a mass of semi-fluid material, quaking 
like jelly. The water began to “boil up” 
in many places in the bottom, and it was 
evident that no further progress in the 
excavation could at this time be made. 

It was considered very importaut that 
the sheei-piling should be placed at a 
much greater depth than that to which 
the excavation had now been carried. To 
drive the plank to the desired depth, as 
has already been mentioned, would have 
resulted in open joints at the bottom. It 
was therefore determined to lessen the 
number of such joints by making up the 
plank in panels of 4 feet width, with 
joints matched and battened with 1-inch 
boards. One of these panels was placed 
in the proper line of the sheet-piling, and 
forced down by pressure nearly 5 feet 
deep. The non-fluid condition of the 
sand permitting this penetration, a sec- 
ond panel was forced down in the same 
manner, and with considerable trouble a 
tolerably close joint was made with the 
first panel, and further secured by a plank 
which was driven over the joint. 

In this manner successive panels were 
driven in, until the whole width of the pit 
was covered by 2 rows of sheet-piling 
placed 15 feet apart. As the joints be- 
tween the pancls thus placed were of ne- 
cessity nearly as open as in any other 
sheet-piling, it was determined to remove 
the water, and then the earth from between 
the rows of piling to the depth to which 
they had been forced, and then to batien 
and caulk up the joints on the inside. 

Source or Water Dererminep By Tem- 
PERATURE.—While the question of a new 
engine was being discussed, it became de- 
sirable to ascertain how much of the water 
which flowed into the pit, came from the 
leaky sluice and the canals, and how much 
from the natural water courses through 
the sand. The material being of so porous 
a character, it was impossible to deter- 
mine this question merely from the direc- 
tions in which these small streams came, 


but the author happening to have his 

















ree erase 













VAN NOSTRAN 


"Ss ENGINEERING MAGAZINE. 








pocket thermometer with him, he obtained 
the temperature of the water flowing into 
the pit from various quarters. The re- 
sult was surprising. The temperature of 
the water in the sluice was 74°, and that 
of one set of the streams ranged from 71° 
to 73°, and of another set was from 56° 
to 61°, several of them flowing but a few 
feet from each other, with these widely 
differing temperatures. 

Those of the higher degrees were evi- 
dently the leakages from the sluice-way 
and canal, end those of the lower temper- 
ature as evidently from deep-seated 
springs. 

A rough, but sufficiently accurate gauge 
of each of the 20 small streams was made, 
from which it was ascertained that two- 
thirds of the water which came into the 
pit was leakage, the greater part of which 
could be prevented by a new sluice, anda 
better connection at the ends. With a 
diminution of more than one-half the 
quantity of inflowing water, the engine on 
hand would be of ample power to free the 
work from water, and enable us to get 
down to the requisite depth, and caulk 
the joints of the sheet-piling, and put in 
the puddle. This simple expedient, there- 
fore, saved an expenditure of nearly 

2,000. 

Tur New Worxs.—The masonry of the 
new gate house, culvert, and conduit, is 
all laid in hydraulic cement mortar, and 
rests upon a foundation of timber, and 2 
courses of plank. Concrete masonry is 
filled between the timbers, to take their 
place if they should ever decay, which, as 
they will always be submerged, will not 
soon occur. 

There was another source of danger 
which had to be guarded against, viz., 
that the water would follow along the 
sides, top, or bottom of the masonry, 
through the whole width of the leak, and 
escaping at the lower side, again produce 
wleak. To prevent this, belt walls of ma- 
sonry were built at each row of sheet- 
piling, and one still further toward the 
gate-house. These belt walls extend 3 
feet beyond the outside lines of the ma- 
sonry of the culvert and conduit on the 
bottom, on the side, and over the top, and 
are built up with the other masonry, thus 
forming a perfect cut-off to the water at 
each belt. The outer faces of these belts 
are “toothed,” to produce angular ob- 








structions to the water. 





THE STRAINS IN GIRDERS. 


METHOD OF DETERMINING THEM GEOMETRI- 
CALLY. 


From the “Building News.” 


In 1856, Prof. Cullman, filling the chair 
of Civil Engineers at the Zurich Poly- 
technic School, published, under the name 
of “Graphical Statics,” a geometrical 
mode of determining the stresses in struc- 
tures, which deserves the greatest attention 
from practical engineers and architects. 
It is a process in which geometrical con- 
struction is substituted for complicated 
calculations; or, in other words, by which 
a great saving in time can be effected, to- 
gether with a sclf-cvident avoidance of 
liability to error. It will be seen that 
this process enables the architect or en- 
gineer to instantly note the effects of any 
alteration he may chance to make in his 
designs. As is seen one example we 
have chosen is that of the well-known 
case of a common Warren girder. 

The basis of the method is simply that 
of the almost popularly known principle 
of the parallelogram of forces. It is well 
known that a force can be geometrically 
represented by a straight line running 
parallel to the given force, and denoting 
the amount of the force by its length. Of 
course a line per se cannot exactly denote 
a foree, but if the course of the force or its 
direction from (say) right to left be also 
held to be indicated by the line, then all 
the required qualifications are given. Let 
us suppose, for instance, that we have a 
number of forces acting in a plane upon 
the same point. We then have, as indi- 
cated in the following diagram, to find 
the resultant of any number of given 
forces 1, 2, 3, 4, 5, acting upon 1 point, 
as indicated in Fig. 1:—Draw a polygon 
Oabede with its sides 1, 2, 3, 4, 5, paral- 
lel to the directions and equal to the 
magnitudes of the forces. These must be 
so arranged that if we indicate the courses 
of these forces in all the sides by arrows, 
all these arrows must point in the same 
course round the irregular polygon. The 
line R, closing this polygon by joining the 
origin O with the end e, represents the 
required resultant in direction and mag- 
nitude. Fig. 1. 

This resultant is to be taken in a course 
opposite to the curve of the given forces. 
Any one of the diagonals in the polygon 
represents the resultant of all the forces 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





placed between the 2 points formed by 
that diagonal. This polygon may be 
termed the “ polygon of forces,” and it can 
be proved by successively combining the 
forces according to the principle of the 
parallelogram of forces. 

If the polygon of any given number of 
forces, acting upon the same point, is 
closed, these forces will balance each 
other; and vice versd. This is substan- 
tially the same proposition as that stated 
by Dr. Rankine, par. No. 53 of his 
** Applied Mechanics.” 

To determine 2 forces of given direction 
so that they may balance any number of 
known forces, all acting upon the same 
point, construct the polygon of the _ 
forces and close it by 2 lines parallel to 
the directions of the given forces. These 
lines taken in the same direction round 
the polygon as the others represent the 
required forces. The second principle is 
a consequence of the first, and the third 
is easily proved by the second. With the 
assistance of these principles it is easy to 
ascertain the stresses on a Warren girder. 








a 


< 

















To explain the process it will be sufficient 
to determine the stresses in a small 
girder constructed with only 4 divisions 
in the top beam, as shown in Fig. 3. 
There will be no difficulty in afterwards 
extending this to larger girders. 

We will designate its parts by number- 
ing the connecting points, and by calling 
each bar lying between them by the num- 
bers at its 2ends. We assume that the 
girder is loaded with 10 tons at each con- 
necting point of the top; that is to say, at 
the points 2, 4, 6; while the resistances A 
and B of the supports act upon the 
extreme ends 0 and 8. As the load has 
been assumed to be uniformly distributed, 
each of these 2 resistances is equal to 
one-half the entire load of 30, or equal 
to 15 tons. 

It is a necessary property of any struc- 
ture that all the forces acting upon the 
same connecting point should be in 
equilibrium; and we employ this property 
to ascertain the stresses in the different 
bars. If all the forces acting upon such 
a point are known with the exception of 





“ad tet st Pw Owe Of MD Hm | toe oo ec tet ft 


-~ 


12  ©0Q che 


VAN NOSTRANDS ENGINEERING MAGAZINE. 


15 





9, these 2 can be ascertained by means of 
the last principle stated. We begin at 
the point O, where the resistance A, equal 
to 15 tons, acts upwards, and we will pro- 
ceed to determine the stresses in the bars 
01 and 0 2, the directions of which are 
given. We draw the vertical line OA, 
Fig. 4, parallel to the force A in Fig. 
3; and make it, by any scale, equal to 15 
tons. The line A a is then drawn from A. 
parallel to the horizontal bar o 2; and line 
O a parallel tothe sloping barol. These 
intersect one another at a. Therefore, 
the lines A a and O a respectively give 
the required amounts in tons of the 
stresses on the barsO2andO1. They 
are of 15 tons and 21.2 tons. The curves 
of these forces only remain to be deter- 
mined in order to know whether the bars 
have to sustain tension or compression. 
For this purpose, as we know the course 
of the force O A, which is indicated by an 
arrow, we have only to follow round the 
polygon of forces, which is in this case 
represented by the triangle A O a A, and 
to draw arrows in the directions in which 
we follow the sides Oa and A a. By 


drawing other arrows in Fig. 3 paral- 


lel to the corresponding arrows in Fig. 
4, we see that the stress in the bar 0 2 in 
Fig. 3 acts against the point 0; and 
that the bar 0 2 has consequently to under- 
go compression. Further, the force in 
0 1 strives to pull the point 0 towards 1, 
testifying to a tensile stress. For the 
sake of clearness we shall henceforth in- 
dicate tension by a single and compres- 
sion bya double line, both in the eleva- 
tion of the Warren girder and in the 
polygon of forces. By this means the 
course of the forces can be seen both in 
the elevation and by comparing both 
figures also in the polygon of forces. We 
must observe that in the elevation the 
stress acts on an extremity of the bar in 
a sense opposite to that in the other. 

We now come to the point 1. We have 
here, besides the last determined force in 
0 1, the unknown stresses in 1 2 and 1 3. 
The stress in O 1 is given in Fig. 4 by the 
line 0 a, and its sense is now contrary to 
that indicated by the arrow. Proceeding 
as before, we draw O b parallel to 1 3and 
ab parallel to 1 2, and cause them to in- 
tersect at b. The lines O b and ab give 
the stresses in 1 3 and 1 2 of 30 tons and 
21.2 tons respectively. We determine the 
courses or senses of these stresses from 





the known sense of 0 1, following round 
the triangle a O b a in the direction given 
by the order of these 4 letters, and we 
find that the bar 1 3 is in tension and the 
bar 1 2 in compression. 

In the points O and 1 only 1 known 
and 2 unknown forces were in action; 
but in the point 2, 3 known forces (the 
stresses in O 2 and 1 2 and the load of 10 
tons) and the unknown stresses in the 
bars 23 and24. To ascertain these, set 
off from A to C in the line A O the length 
representing 10 tons and C ¢ and b e 
parallel to 2 4 and 2 3. These 2 lines 
then give the magnitudes of the required 
forces, because the sides of the polygon 
C AabcC are parallel and equal to the 
forces acting on the point 2. They are 
also taken in the right sense, which is the 
reverse to the order of the letters C A 
abeC. Wefind that 23 has to sustain a 
tension of 7.1 tons and 2 4 a compression 
of 35 tons. 

The same proceeding is to be used at 
the point 34. The 2 known forces (1 3 
and 23) are already placed together in 
the right curve in the diagram Fig. 4; 
they are represented by the lines ¢ 6 O. 
The lines c d and O d, drawn parallel to 
the directions of the unknown stresses 
through C and O, meet each other in d 
and give the stresses in the bars 3 4 and 
3 5, amounting to 7.1 tons and 40 tons re- 
spectively. The first is a compression, 
the second a tension bar. This gives us 
the strains up to the middle of the girder, 
and as the girder and the load are sym- 
metrical we do not require to continue 
the diagram. 

This Fig. 4 may be called the dia- 
gram of forces. The polygons for each 
connecting point in the first half of the 
girder are laid down in it, and, observing 
how they are combined, we find that the 
polygons for the preceding points give 
the forces always arranged as required 
for the construction of the polygon of 
forces for the following point. The whole 
diagram hence contains each force only 
once, while every line would have to be 
drawn twice if we construct a separate 
polygon of forces for each connecting 
point. What makes this diagram of 
forces so very useful is that there is a 
minimum number of lines to be drawn, 
and that the construction can be rap- 
idly carried out without any liability to 
error. 
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CIENTIFIC Scnoors in tue Unirep 
bh) Srates.—The Rensselaer Polytechnic 
Institute, Troy, N. Y.—Civil, mechani- 
cal, and topographical engineering and 
chemistry. 

The Polytechnic College of Pennsyl- 
vania, Philadelphia.—Civil and mechani- 
cal engineering, chemistry, mining, agri- 
culture, and architecture. 

The Sheffield Scientific School, Yale 
College, New Haven.—Chemistry, natural 
science, engineering, agriculture, me- 
chanic arts. 

The Lawrence Scientific School, Har- 
vard University, Cambridge, Mass.— 
Chemistry, zodlogy, geology, botany, com- 
parative anatomy and physiology, miner- 
alogy and engineering. 

The Chandler Scientific School, Dart- 
mouth College, Hanover, N. H.—Engi- 
neering, commerce, and general courses. 

The University of Michigan, Ann Arbor, 
Michigan.— Civil engineering, general 
chemistry, mining, natural history, and 
general science. 

The University of New York city, 
“Professional Department.”—Engineer- 
ing, architecture, analytical and practical 
chemistry. 

The Washington University, St. Louis. 
—General science, and technical course. 

The Cooper Union, New York city.— 
Free night-schools of science, of art, of 
design for women, and a polytechnic day- 
school. 

Brown University, Providence.—De- 
partment of chemistry and engineering. 

Massachusetts Institute of Technology, 
Boston.— Mechanical, civil and _ topo- 
graphical engineering, practical chemis- 
try, geology, mining, building, and archi- 
tecture, and higher general sciences. 

The School of Mines, of Columbia Col- 
lege, New York city. 

Besides the above are the Scientific 
School of the New York Free Academy, 
New York city; the Collegiate and En- 
gineering Institution, New York city; 
the Lehigh University, technical course; 
the University of Pennsylvania, technical 
course; the Worcester County Free In- 
dustrial Institute, Worcester, Mass.; the 
Cornell University, Ithaca, N. Y.; the 
University of the South, Suwanee, Tehn.; 
the Delaware Literary Institute and En- 
gineering School, Franklin, N. Y., and 
the School of Mines in connection with 
Harvard College, Cambridge, Mass. 


\ ENDING Hypnraviic Cytmprrs.—An 

engineer in Berlin gives the following 
as a method of effectually stopping up 
a porous casting for a hydraulic press, 
The cylinder is to be heated over a char- 
coal fire to about 170° Fahr. It is then 
to be filled up with resin and suspended 
by a crane over the fire until the liquefied 
resin is seen sweating through on the 
outside. The excess of resin is then 
poured out and the cylinder allowed to 
cool, when the pores will be found com- 
pletely stopped, and no water can possi- 
bly pass. 





TL, Cars anp Mo asses Sarrs.—As the 
use of barrels for transporting petro- 
leum is giving place to tank cars, so the 
hogshead is to be superseded by the tank 
ship. The Atlantic Works at East Bos- 
ton are to build an iron brig 350 tons, 
which will have compartments for trans- 
porting molasses in bulk. The saving of 
space and non-paying load will be ver 
great, and this principle is likely to be 
carried farther. 





OCOMOTIVE Enarxerrs’ Convention. 

—The October meeting at Chicago 
was marked, says the “Chicago Railway 
Review,” by good feeling, good sense, and 
temperateness. The subject of temper- 
ance, so vital to this particular calling, 
appears to have occupied the direct at- 
tention of the members, and is specially 
and hopefully referred to in the president’s 
report. 





NITED STATES Rarmway Conpuctors 
Lirz Insurance Company.—The con- 
ductors of several important roads recent- 
ly started an association thus named, at a 
meeting in Cincinnati. All conductors of 
good character may become members. 
The Secretary and Treasurer is to receive 
$100 per month, and all claims are to be re- 
ferred to an executive committee of three. 





HOTOGRAPHING interiors by the 
aid of the magnesium light is pro- 
nounced a complete success. The Prus- 
sian photographic commission sent to 
Aden to obtain pictures of the late eclipse, 
returned by Egypt, and are obtaining fine 
copies of the great monuments of art 
there—among others the interiors of sub- 





terranean tombs. 
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PERMANENT WAY. 


Ram Jomrs.—The introduction of steel 
rails has been accompanied in this country 
by an almost equally important and novel 
improvement—a rail joint. The chair, 
a mere seating for rail ends, is, let us hope, 
a feature of the old system that is all pass- 
ing away. When a road has traffic enough 
to warrant the use of steel rails, it will 
pay to make them continuous by means 
of the fish joint, or its equivalent. The 
fish joint, after some twenty years of in- 
vention and experiment in rail-jointing, 
has held its own against all competitors. 
When plates and rails are both of steel, 
and shaped so that the wear can be 
taken up, the joint holds fast for years. 
The difiiculty of keeping the nuts tight 
is now perfectly overcome by interposing 
a piece of leather, or a washer of rubber. 
Another important requirement of the 
fish joint is a well-shaped rail. It is a 
singular and fortunate circumstance that 
a rail well adapted to fishing is also well 
adapted to resisting deflection and wear. 
The old low pear-headed American rail 
—wasteful of material and rigid in detail, 
instead of stiff as a whole—might con- 
tinue in use if it could be fish-jointed ; 
fortunately it cannotbe. The only ob- 
jection raised against the fish joint for 
steel rails is that it requires holes to be 
made in the steel. Punching holes strains 
the steel and renders it liable to break 
—repeated experiments prove this. But 
the holes need not be punched. Theloss 
of material in the fish-bolt hole—in the 
neutral axis—is of no practical account. 
If the holes are drilled, the material is 
not strained. The Pennsylvania Steel 
Works, and the Troy Stcel Works, are 
introducing machinery to drill steel rails. 
Holes or nicks in the flange of a rail— 
especially a steel rail—are a hurtful loss 
of material, where the greatest and worst 
strain comes, and where loss of continuity 
can least be spared. 

The new Reeves joint—a tight clamp 
upon the flanges of the rail—is getting 
into considerable use with steel. The 
long Reeves chair extending over two 
sleepers, is also much used with steel— 
as on the Hudson River road. This is 
more than a chair, but not tight enough 
on the flanges to make the track con- 
tinuous. The authorities are divided as 
to the proper position for the fish-joint. 

Vor, L—No. 1-2 





On the Camden and Amboy, for instance, 
it is placed upon a sleeper, because, it is 
said, the joint is not as stiff as the rail, 
and needs this additional support. On 
the English roads, and the greater num- 
ber of our own, the joint is placed be- 
tween two sleepers to avoid the rigidity— 
the anvil action occuring when it is placed 
on asleeper. If the joint did not deflect, 
the sleeper would do no more harm un- 
der it than under any part of the contin- 
uous rail. But as the simple fish-joint is 
not as stiff as the rail, and does yield, 
placing a chair and sleeper under it 
ageravates the effect of the blow of the 
wheel. The addition of the new Reeves 


joint—the tight clamp on the flanges—to 


the fish-plates, the whole being suspended 
between 2 sleepers, would make the rail 
practically continuous, and would avoid 
the evil of rigidity. 

Eartawork snp Brarmse Svurracrs.— 
“Engineering” says: Until we have 
much better earthworks, which, like the 
foundations of a house, can lie still and 
support in perfect rest almost any load 
brought upon them, we can never have 
mathematically perfect railways, and until 
we have these we must tolerate that needless 
and extravagant increase of resistances 
which attends any increase of speed above 
the lowest rate of motion, an increase 
from 10 pounds or so per ton at very slow 
speeds on alevel, to 30 pounds or 40 pounds 
at 60 miles an hour. It is idle to say that 
we can have no better earthworks than 
we now have, or that the permanent way 
can rest no more quietly than it now 
does even on the best earthworks. 

With the best earthwork and ballasting 
there must be abundant bearing surface 
of the rails on the sleepers, and of the 
sleepers on the ballast. Every permanent 
way enginecr knows that the bearing sur- 
face is now insufficient to prevent the 
rails from notching upon the chairs, the 
chairs from bedding themselves in the 
sleepers, sometimes half way through, and 
the sleepers from churning the ballast. 
Mr. Fowler has found it necessary for the 
tremendous traffic of the Metropolitan 
(under ground) railway to abandon the 
double-headed rail, with its costly access- 
ories of chairs, keys, and tree-nails, and to 
adopt a Vignoles (American) rail with a 
base nearly 6} inches wide, which is fast- 
ened to the sleepers by screw bolts. 
Thicker sleepers will permit the use of 
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longer sleepers, without losing the avail- 
able bearing now lost in consequence of 
the springing of sleepers only 5 inches 
thick. Sleepers 9 feet long, 10 inches 
wide, and 3 feet apart centres, give 13,200 
square feet of bearing upon the ballast in 
a mile of single way. Sleepers 10 feet 
long, 12 inches wide, and 2 feet 3 inches 
apart centres, would give 23,466 square 
feet, or nearly twice as much. 

Sree, Rars.—But without steel rails 
there could have been no great improve- 
ment in the construction of permanent 
way. Steel has proved itself to be incom- 
parably safer than iron; from 5 to 25 
times as durable; to make a better and 
smoother way, offering less resistance to 
traction, and to permit of the use of still 
heavier engines—the very heaviest loco- 
motives which the permanent way will 
bear without undue injury or wear being 
always the most economical. 

The steel rails on trial on most of the 
leading American lines are showing re- 
markable endurance, but wear can be de- 
tected, and managers are comparing it 
with the wear of new iron, and calcu- 
lating that although steel is very satis- 
factory, it can hardly come up to the 
alleged endurance of 20 to 1. They 
should not forget that the defect of iron 
is not in its abrasion, but in its lamina- 
tion at the welds. When lamination— 
peeling once begins, the iron rail, how- 
ever well it may have resisted surface 
wear, soon goes to pieces. But steel is 
subject to surface wear alone, it has no 
welds, and is as sound after half an inch 
has been ground off its tread as it was 
originally. 

As to what is to become of old and 
worn steel rails, many people are unduly 
anxious. The “Chicago Railway Review” 
says: “They are useless after being used 
for rails.” We are not aware that this 
product is in market, but we are aware 
that it will bring a much higher price 
than old iron rails,to be rolled down into 
small merchant bars and rods. The 
quality of these products will be better 
than that of equally good steel, cast in 
small ingots on purpose for small bars, as 
they will have had all the work necessary 
to reduce them from 10 or 12-inch in- 

ots. 

. Tae Dovstr-Heapep Ram.—Says the 
“ Mechanics’ Magazine”: The objections 
alleged against the double-headed rail 





are that, first, it necessitates the expense 
of chairs; and that, secondly, the turning 
of them, in which their chief merit lies, 
cannot be accomplished universally. If 
every rail could always be turned, so as 
really to do the duty of 2, then the in- 
creased amount of work got out of the 
rail would more.than compensate for the 
expense of the chairs, and, ceteris paribus, 
it would prove more economical than the 
flanged description. To efiect this result, 
two precautionary measures must be un- 
dertaken, the one to prevent the uneven- 
esses and asperities which are produced 
upon that portion of the rail in contact 
with the chair; the other, to enable the 
upper head, after being worn, to bed 
evenly and steadily in the chairs. With 
the ordinary chair these conditions are 
not accomplished. The wooden keys 
which are employed to wedge the rail 
against the chair allow a small separation 
to exist under the varying circumstances 
occasioned by the influence of the weather. 
Consequently, the passage of a train pro- 
duces a successive repetition of little 
shocks or concussions, which give rise, 
after a certain length of time, to a notch- 
ing in the lower head of the rail which 
rests upon the chair. The “ Mechanics’ 
Magazine” then describes a new plan of 
interposing an elastic medium between 
the rail and the chair to prevent this un- 
der wear—a cushion of hard wood placed 
in a pocket in the chair. The use of steel 
of course decreases the rapidity of this 
wear in the chairs. 

Other advantages of the double-headed 
rails are as follows: They are more 
readily removed and replaced than flat- 
footed rails, for as they are not directly 
fastened to the sleepers, all that is neces- 
sary is to knock away the keys and fast- 
enings and lift them out of their chairs. 
Similarly, new sleepers are readily sub- 
stituted for the worn-out ones, as sleep- 
ers and chairs can be removed together, 
while another, with its chairs fixed on, 
can be slipped in at once. The manufac- 
ture of the double-headed rail does not 
present so many difficulties as the flanged 
example, and it can probably be obtained 
cheaper in the market, especially when 
made of steel. The double-headed rail is 
better adapted for sharp curves, owing to 
the greater facility it possesses for being 
bent to the required radius. The flange 
of the American rail, by its comparative 
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large breadth, bends with difficulty, and 
incurs a greater chance of being weakened 
and damaged by the operation. This is 
particularly the case with steel rails. 

Tron SiEEPERS.—Our ways will never be 
really permanent so long as wood is em- 


ployedin their construction. Theexpense | 


of iron sleepers will, however, long prevent 
their introduction, except on lines of the 
heaviest traffic, and in countries where 
wood cannot be obtained much cheaper. 
The “ Railway News” thus describes the 
various systems: All the varieties of iron 
permanent way may be reduced to one of 
the 3 following classes: Firstly, roads car- 
ried upon isolated supports, or “ pot” 
sleepers; secondly, those supported by 
transverse bearers; and thirdly, those 
carried upon continuous or longitudinal 
supports. In Egypt, India, Brazil, and 
other distant countries, pot sleepers have 
answered well. A Belgian principle con- 
sists of a strong horizontal transverse 
sleeper of the double tee form, carrying 
2 wooden blocks to serve as supports for 
the ordinary rail, of whatever shape it may 
be. 

Three principal lines in France have 
afforded a fair trial to iron roads, and se- 
lected the Fraisans system, which gives a 
total weight per yard run, including rails 
and all fastenings, of a little over 2 ewt. 
The principle of Lecrimer, which in 
many respects greatly resembles that just 
quoted, has been laid down for 8 years on 
some of the Portuguese lines, and it is 
still doing good service. In Prussia the 
Hartwitch longitudinal road is employed 
to some extent. It consists of a pair of 
heavy contractor’s rails, tied by iron 
transversals, which carry them and rest 
upon the ground, the flange of the rail 
having a breadth equal to half that of the 
height. The same principle has been 
adopted upon portions of the Lyons Rail- 
way, only the height of the rail is made 
equal to that of its base, which in this in- 
stance rests upon the ballast similarly to 
a Barlow or saddle rail. The system of 
Barlow is, in fact, identical with that of 
Bergeron, and so is the iron longitudinal 
plan that is soon to be practically tried 
in Austria. 


At present it is certain that those iron | 


permanent ways which are based upon the 
transverse principle have enjoyed more 
favor and likewise more success than 
those modelled after the longitudinal 


method. The desideratum to be insured 
in all rigid roads similar to iron ones is 
the imparting of some slight degree of 
elasticity, not as absolutely necessary for 
the safety of the road, but to diminish 
the enormous wear and tear that would 
be otherwise brought both upon the rails 
and the whole of the rolling stock. 

Broxen Rairs.—A professional writer in 
the “New York Times,” says: There is 
a comparatively inexpensive and wholly 
unobjectionable device for security against 
disaster by broken rails. We mention it 
here, not with the slightest expectation 
that it will be adopted on one mile of our 
forty thousand, but that the managers 
and legislators, who are maimed this win- 
'ter by broken rails, may contemplate 
what it might have accomplished in their 
case, as they lie in splints all the weary 
nights. 

A stick or plank of oak, as deep as the 
rail (say 4 inches), and 10 to 12 inches 
wide, fitted to the outside of the rail, 
bolted to the rail every 3 feet, and screwed 
down to every cross sleeper, would, in 9 
cases out of 10, if not in all cases, hold a 
broken rail in place, and so prevent its 
throwing off the wheels. It would also 
prevent that other disaster, second only 
in frequency, but not in frightfulness, to 
broken rails, the spreading of the track. 
The timbers should break joints at a place 
where the rail has both vertical and lateral 
support on a sleeper. A wooden rail, 
heavy enough to support a wheel, and 
tough enough to endure any probable 
shock without breaking, is thus sand- 
wiched with an iron or steel rail that will 
endure the wear and sustain the load, but 
| which is liable to snap under a blow, just 
|in proportion to its resistance to flexure 
and abrasion. Even steel, so remarkable 
|in its wearing qualities, and so superior 
in strength and toughness, cannot be ab- 
solutely guaranteed against breaking. 
And the harder it is, the better it resists 
wear and deflection, the more liable is it 
to break. This is the law of iron and its 
| alloys. Hence the combination ofa tough 
| wooden rail with a hard metal rail is in 
— greatest degree economical as well as 
safe. 

It would be still safer to add also an 
inside plank of oak, so that the rail would 
be absolutely sandwiched between the 
| two, and so prevented from displacement, 
_although broken in pieces. This inner 
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plank would, of course, be thinner, to 
allow room for the flanges of the wheels. 
The longitudinal system, a rail spiked 
down to a continuous timber, instead of 
bridging cross-sleepers, although objec- 
tionable on economical grounds, is vastly 
safer against disaster from broken rails. 
A modification of this system, somewhat 
used in England, and destined, we think, | 
to a more extended adoption, is called the 





as compared with an ordinary permanent 
way, the platform upon which all the 
functions of a railway are really dis- 
charged, need not exceed £3,000 per 
mile. 


EOLOGICAL Neecatives.—Mr. James 
Thompson, of Glasgow, Scotland, has 
contrived a new method of producing 
photographic negatives of geological speci- 





sandwich system, and consists of a deep,| mens. He saws from the stones thin slices 
thin rail, bolted between two heavy longi- | containing fossil remains or other speci- 
tudinal sticks, which form the sleepers. | mens; these when polished are so thin 


A rail thus secured could be broken into | 
bits a foot long without throwing off the 
train. 

The continuous rail, made in two pieces, 
lying side by side, riveted together and 
breaking joints, was abandoned because 
the softness and structural unsoundness 
of iron unfitted it for the service. Why 
is not steel tried for continuous rails? 
One bar should be made extremely soft 
and tough to resist the blows and strains, 
the other hard to stand the abrasion. 

But while the various plans that require 
reconstruction have that obstacle opposed | 
to their introduction, the plan we first) 
mentioned of one or more oak planks | 
bolted to the sides of the rails, has, we | 
think, no objectionable or impracticable | 
features. The cost would be from $2,000 
to $2,500 per mile. Its saving of damage 
is likely to be as much, not to speak of 
its constant and positive addition to the 
strength and durability of the permanent 
way, and to economical traction. 

Conciusion.—“ Engineering ” closes the 
article hereinbefore quoted as follows: | 
Railway engineers and railway compa- | 
nies must and will learn that upon the 
perfection of the way depends the high- 
est working economy. After expending 
millions in Parliamentary struggles, mil- 
lions for compensation, millions upon 
earthworks, colossal bridges and viaducts, 
tunnels by the mile, stations of the grand- 
est dimensions and of superb architecture, 
and millions for costly locomotive and 
carriage stock, the question of a few thou- 
sand pounds more or less per mile for 
first-class permanent way is not one upon 
which true economy in working and in 
maintenance can be sacrificed. There are 
railways enough which have cost their 
£100,000 or more per mile, and oes 
that have cost £50,000, whereas the dif- 
ference between the cost of a really good 








and transparent that they may be used as 
negatives for photographic printing upon 
the usual sensitive paper. Beautiful 
prints are thus obtained, having all the 
fidelity of nature itself. Large numbers 
of these fossil negatives have been pre- 
pared by Mr. Thompson, and he has un- 
dertaken to supply the British Museum 
with duplicates. 





R. N. SCOTT RUSSELL, son of the 
famous London ship-builder, is now 
engineer in charge of Messrs. Baird’s 
works at St. Petersburg. The works pro- 
duce marine and stationary engines and 
general machinery; also some 10,000 tons 
of rolled iron per annum. They employ 
2,000 hands. 





ZEUNER'S VALVE DIAGRAM, 


Translated from Zeitschrift des Vereines Deutacher 
Ingénieurs. 

The great value of Zeuner’s diagram 
for explaining the movements and con- 
struction of steam valves, induced the 
author to bring it within the limits of his 
lectures on mechanics, at the Polytechnic 
School at Saarb-in-Vien. But the want 
of the knowledge of the higher mathe- 
matics amongst those addressed, did not 
allow him to give the same investigation 
as is published by Professor Zeuner in 
his excellent book on valve gears; a more 
simple. and elementary explanation was 
required, and this was obtained for the 
ordinary valve as well as for Meyer’s ex- 
pansion gear in a very simple manner. 
The author brought it before a meeting 
of the Society of Engineers at Saarb-in- 
Vien, and a favorable reception as well as 
the express wishes of the members en- 
couraged him to bring it before the gen- 
eral public. 

The chief point of Zeuner’s method 
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consists, as is well known, in the deter- 
mination of a simple figure, composed of 
straight lines and circles, by which the 
corresponding position of the valve, for 
any position of the crank or of the piston, 
may be easily ascertained. 

In the following, the construction of 
the diagram is only confirmed in an ele- 
mentary manner ; as regards its prac- 
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tical application, the above-named book 
may be itself used. 


A. The diagram of the simple valve gear. 


Most valves are moved by eccentrics or 
cranks, and in order to simplify the ex- 











pressions used, the latter may be sup- 
posed. This is correct, as an eccentric 
produces the same movement as a crank 
correspondingly fixed, and of which the 
radius is equal to the eccentricity of the 


eccentric. In Fig. 1, let 
A=the centre of the driving axle. 

AB=the valve crank (eccentric) in its 
central position. 

BC=the eccentric rod. 

CD=the valve rod as far as the valve 
centre D E. 

If now the crank moves from the posi- 
tion A B into another one A F, the cor- 
responding position, H J, of the centre of 
the valve is obtained by describing from 
the point, I", with the length of the eccen- 
tric rod, BC, as a radius, an are, and 
from the point, G, where this are crosses, 
A C, marking the length of the valve rod 
to the centre of the valve, equal G H. 
B Cis in practice always very long in 
proportion to A B, and AC may be there- 
fore, without committing a great error, 
taken as equal to BC, and FG equal 
K G; then A K is also equal to D H, if 
F K is perpendicular to A C, or the move- 
ment, D H, of the valve from its central 
position is equal to the base of the right- 
angled triangle, A K I’, of which the hy- 
potenuse is always equal to the crank 
radius, A B, and of which the acute angle, 
A F K, is equal to the angular movement 
co of the crank. 

But all right-angled triangles with the 
same hypotenuse may be placed in acir- 
cle, of which this hypotenuse forms the 
diameter ; constructing therefore a circle 
with the crank radius, A B, as a diameter 
(Fig. 2), drawing next the tangent, A L, 
and laying on it the angle, L A K= oe, 
from Fig. 1; the equality of the triangies 
A KB (Fig. 2) and AK F (Fig. 1) can 
very easily be proved. 

The movement of the valve from its 
central position corresponding to any an- 
gular movement oc of the crank, is thus 
very simply obtained, as the chord of the 
are, A K (Fig. 2) by laying off the angle 
co from the tangents AL. Fig. 2 gives 
at first only the movement of the valve 
centre towards the right hand side, for 
the values of co between 0 and 180°; 
but by a symmetrical construction of the 
circle, A K B, upon the other side of the 
tangents, the corresponding movements 
of the valve towards the left hand side 
are obtained in a similar manner. 
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Now it will be easy, by means of the 
circles obtained in Fig. 2, and which may 
be called briefly valve circles, to construct 
a diagram, which will show for any posi- 
tion of the piston crank the correspond- 
ing position of the valve. In Fig. 3, let 
AX be the piston crank on the dead 
point, and A B the valve crank in the cor- 
responding position, and X Y Z the crank 
pin circle. If the angle Y A X is made a 
right angle, and the angle X A V equal to 
B A Y, then the valve crank will be in the 
position A Y, 7.e., in its central position, 
when the piston crank A X stands in the 
position A V. Drawing now the valve 
circles, as constructed in Fig. 2, so that 
in Fig. 3 they touch the line A Vin A; 
the corresponding movement of valve 
from its central position for any other 
— A W, of the piston crank, will 
»e equal to that part, A K, of the radius 
of the piston crank, which is also a chord 
of a valve circle; and it will be seen at 
once, that the valve crank, when the 
steam crank is in the position A W, has 
travelled from its central position through 
the same angle, V A W, through which 
the steam crank has travelled during its 
movement from A V to A W. 


B. Expansion gear with 2 valves. 


The valve gear, represented in Fig. 4, 
is one with an expansion and distribution 
valve. Let m be the centre of the exhaust 
port, n the centre of the distribution valve, 
and o that of the expansion valve. From 
what has been already said, it will be 
easy to determine for any position of the 
piston crank—the corresponding positions 
of the centre n, with regard to the 
centre m, and that of the centre 
o, with regard to the centre m; it 
is, however, of importance to ascer- 
tain in a similar manner the reciprocal 
positions of the centres n ando. Thus, 
in Fig. 5, let A Bbe the eccentric or crank 
for the distribution valve in any position, 
and A D that of the expansion valve in 
the corresponding position, whilst A C 
may represent the axes of the valve rods. 
If BF and DG are penpendicular to A 
C, then A F represents with sufficient ex- 
actness—according to what has been 
stated previously—the movement of the 
distribution valve from its central posi- 
tion, and A G that of the expansion valve, 
and it will be thus easily seen that F G 
represents the distance between the cen- 





tres of the 2 valves. Drawing now also 
BE perpendicular to DG, then F G= 
BE, and the distance between the 2 
valve centres is again given by the valve 
B E as the base of a rectangular triangle 
BED, of which the hypotenuse is con- 
stantly equal to DB, or to the distance 
between the crank pins of the 2 valve 
cranks. If AH is drawn perpendicular 
to B D, the angle BD E of the rectan- 
gular triangle B E D will be equal to the 
angle H A F, for the sides of the 2 angles 
are perpendicular to each other. Sup- 
posing now the line A H to be fastened 
to the 2 valve cranks, and the latter to be 
rotating, the shape of the rectangular 
triangle, BED, will be determined by 
the known hypotenuse, B, and the cor- 
responding value of the angle, HA F. 
The shape of the figure is, as for exemple 
in Fig. 6, drawn for an angle H A F=0 ; 
the projection from B D upon AC is then 
nil, or the centres of the valves coincide. 

It is now easy, in an analogous manner, 
to represent, as a chord of a circle whose 
diameter is B D, the movement of the 
valve circle for any value of the angle H 
AF. For if, in Fig. 7, A is the centre of 
the piston crank, and A X its position at 
the dead point, if next A B and A D are 
the corresponding positions of the cranks 
or eccentrics for the distribution and ex- 
pansion valves, and if A H is perpendicu- 
lar to BD, then suppose the axle to be 
turned back through the angle H AX, 
and A H will fall upon A X, or the valve 
centres will coincide, and the correspond- 
ing position, A V, of the steam crank will 
be found, when angle X A V is made equal 
to angle H A X. 

Drawing now the two circles, of which 
the diameters are equal to B D, so that 
they touch A Vin A; for any other posi- 
tion, A W of the crank, that part A K of 
it, which is situated as a chord in one of 
the circles, will represent the correspond- 
ing distance apart of the valve centres. 
The accuracy of this will be seen, if we 
consider that, while the crank passes 
through the angle V A W, the line AH 
removes at the same angle from A X. 





one Gotp is made of 100 parts 
pure copper, 17 of pure tin, 6 of mag- 
nesia, 9 of tartar of commerce, 1.6 
of unslacked lime, and 3.6 of sal-ammo- 
niac. 
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COAL MINING. 


VENTILATION—MINING WITHOUT GUNPOWDER— 
SAFEST METHOD OF WORKING. 
Condensed from the inaugural address of Mr. Elliot, President 
of the North of England Institute of Mining Engineers. 
With regard to the duration of the coal 
supply in Great Britain, Mr. Elliot said: 
I have no hesitation in expressing my 
opinion that it depends in a great degree 
upon the scientific improvements we are 
able to make in our mode of ventilating 
the workings. It is probable that the 
ordinary means of ventilation—whether by 
furnace or fan—may be aided by a change 
in the force or agency employed for the 
purpose of haulage and other under- 
ground work. As an instance of my 
meaning, I may mention that the appa- 
ratus which I have introduced in South 
Wales, and which by means of compressed 
air used as a motive power instead of 
steam, draws trams and pumps water with 
complete success, is found to generate ice 
in an atmosphere which is naturally hot 
and oppressive. The mechanical useful- 
ness of these new air-engines seems capa- 
ble of indefinite extension; while, as their 
cooling properties form a collateral advan- 
tage arising out of their use, it is at least 
possible that they may prove valuable 
auxiliaries to the more regular means of 
ventilation in extending the security and 
promoting the healthfulness of our mines. 
The difficulties of ventilation once sur- 
mounted, the extent of coal at our dis- 
posalis incaleulably increased. The fields 
to be worked below the sea on our east 
and west coasts are in themselves enor- 
mous, and will be for all practical pur- 
poses as entirely within the reach of the 
mining engineer as the ordinary workings 
out of which coal is hewed. Geology in- 
dicates that in many districts the coal 
strata extends seaward 10 or 12 miles be- 
yond the shore; and it is my firm belief 
that by sinking ventilating shafts in the 
German Ocean, the coal below it may be 
worked as safely and certainly as it is be- 
neath where Iam now standing. Nor do 
I recognize any difficulty in the transport 
of such coal. According to my estimates, 
it would neither be more costly nor more 
laborious than it has been in days gone by 
to convey coal the same distance after it 
was brouzht to the surface inland. 
Mr. Elliot’s next proposition aims at 
revolutionizing the system under which 





coal is worked. He says: It is simply 
that we should abolish the use of gun- 
powder in our mines, and by so doing re- 
duce the number of deaths from colliery 
explosions toa minimum. For more than 
a quarter of a century I have steadily 
looked forward to this end; have upon 
all favorable occasions agitated the sub- 
ject among my engineering friends ; have 
tried divers experiments; and have 
watched and tested with earnest interest 
inventions which had the disuse of gun- 
powder for their aim. Nearly 20 years 
ago, while giving evidence in the House 
of Lords, I suggested that the Govern- 
ment should offer a premium to any one 
who succeeded in making such discovery. 
It should never be forgotten that the 
existing necessity for the use of gunpow- 
der is the fruitful source of colliery acci- 
dents; once abolish it, and the need for 
naked lights is gone. Safety-lamps might 
be devised which the pitmen could not 
open. At present the phrase “safety- 
lamp” is a misnomer. No lamps yet in- 
vented are entirely safe. A series of ex- 
periments, tried several years ago, showed 
us that at a certain velocity the flame 
passed all the lamps in existence; and 
until it is possible to send our men into 
the pits with enclosed lights and cases 
which are immovable, we shall not have 
grappled with the difficulties arising out 
of the fire-damp and gas. 

The substitution of mechanical means 
for blasting by gunpowder is, however, 
fraught with difficulty. Our early experi- 
ments were not successful; we endeavored 
to burst down the coal with quick-lime and 
other substances, but failed in every in- 
stance, owing to the slowness of the op- 
eration. I have tried, moreover, to force 
down the coal by hydraulic machinery, 
but failed also, through the water perco- 
lating into the coal and exhausting 
itself by that means. I have, however, 
the satisfaction of knowing that our labors 
have not been altogether lost, for their 
results having been sedulously made 
known among my younger engineering 
friends, they in their turn have brought 
their energies to bear upon the point, and 
with considerable success. I have recently 
seen 3 kinds of appliances for this pur- 
pose, some of which are being worked at 
this moment in my collieries in South 
Wales, and, according to the latest re- 
ports, working well. My conviction is, 
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therefore, that mechanical means will very 
soon make the use of gunpowder unneces- 
sary ; that lights which it is possible to 
explode will, in consequence, be banished 
from our pits; that our coal will be pro- 
duced in a far better condition, as well as 
at comparatively iittle risk to human life. 

As a general rule, pits of a less depth 
than from 60 fathoms to 80 fathoms are 
almost free from gas ; at from 80 fathoms to 
180 fathoms deep, gas is most dangerously 
prevalent ; after the last limit has been 
passed, the workings down even to 300 
fathoms, again become comparatively 
pure. A feasible reason for this singular 
gradation is that, in the zone first named, 
the gas has a natural vent at the mouth 
of the pit, and by means of the various 
strata through which it can filter to the 
surface. At the middle zone, or point of 
greatest danger, the gas has not the 
same means of clearing itself, while that 
generated there is augmented by the gas 
ascending from the greater depths, and 
the aggregate amount stagnates, to the 
increased peril of those working in it. 
Another reason is, that the gas generated 
in coal at the lower depths is increased in 


heat, owing to the additional weight of the 


superincumbent strata. The heightened 
temperature causes it to expand and as- 
cend, and so find its way to the middle 
distance, which becomes surcharged. I 
have found that in this zone (80 to 180 
fathoms) a sudden fall of the barometer 
produces a greater increase of gas than in 
either of the others—another proof how 
much more it is charged. 

In the zone nearest the surface the 
working of seams one above the other has 
not the same effect as in the other two. 
But by working seam over or under seam 
at the middle distance, and at the greatest 
depths of all, a wonderful improvement 
takes place in the condition of the coal. 
The lateral workings provide the gas the 
same opportunity of escaping as at the 
least dangerous depth. It finds its way 
through the strata from the opening out 
of the seams above and below, just as it 
does to the surface in the first zone. The 
result is that coal, which when it is first 
reached is soft and crumbly, becomes 
hard and firm, and workings which were 
originally surcharged with gas are made 
purer and more safe as the seams above 
and below them are displaced. At Monk- 


wearmouth, Usworth, and other deep pits, 





the general improvement from this cause 
has been very marked. We here see that 
the principle on which many of our col- 
liery leases are granted is erroneous. 
These contain stipulations that all upper 
seams shall be worked first. But the 
clauses, designed as they are to preserve 
the coal and avoid loss, defeat the object 
in view. To work seam under seam and 
over seam concurrently, is advantageous 
both to lessor and lessee; it insures a 
purer atmosphere underground and a 
better condition of coal, and therefore 
merits the advocacy of all interested in 
our coal-fields and the extent of their 


supply. 





COMPOSITION OF STEEL. 


Gruner in Annales des Mines and Berg und Hiitten Zeitung. 
Translated by John B, Pearse, 


What is steel? This is a question 
which has of late been frequently dis- 
cussed, while a satisfactory solution is 
rendered diffiult by conflicting definitions 
of the word steel, the distinctions of 
which are too often rather theoretical 
than practical. 

Experience proves that pig and wrought- 
iron may be produced from any ore with 
great facility, and that the products vary 
in quality according to the impurities of 
the ores, and the methods of reduction, 
as the latter do not remove all impuri- 
ties in equal proportion. These products 
may be soft or hard, cold or red-short, 
brittle or tough, but are called pig-iron 
or wrought-iron as the case may be. To 
all products which do not come under 
one or other of these heads the term steel 
may be jusily applied. Pig or cast-iron 
is the raw product of the reduction of the 
ore, and may be hardened when chilled 
quickly. _Wrought-iron includes all iron 
pure and impure, and made either di- 
rectly from ore or by operating on pig- 
iron; wrought-iron is malleable cold and 
hot, but cannot be hardened. Steel occu- 
pies the middle position, and while it re- 
mains entirely malleable may be hardened, 
It is, then, difficult to say where the line 
shall be drawn, as the series of products 
is an unbroken one from the most graph- 
itic impure pig-iron to the purest and 
softest wrought-iron. Cast-iron merges 
into steel, and becomes slightly malleable, 
and steel becomes soft and similar to iron 
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in many of the products classed under 
the heads of puddle or simmer steel, ete. 

These differences may be remarked as 
well in the chemical constitution of the 
respective materials. It is, however, dif- 
ficult to determine the exact amount of 
each element present, as the quantity is 
so small proportionally to that of the 
iron. Experience shows, however, that 
the same foreign elements show them- 
selves in the pig-iron, the steel, and the 
wrought-iron. We find that the same 
products, varying only in purity, may be 
prepared from any ore, and therefore con- 
sider it proper to take it for granted that 
these various forms of iron are due to the 
relative amounts of carbon and other ele- 
ments presentinthem. It has long been 
known that all metals are materially af- 
fected by small amounts of foreign ele- 
ments, and no exception to the rule is 
possible in the case of iron. 

Copper is greatly affected by traces of 
oxygen, sulphur, or lead; and a few 
thousandths of a per cent. of iron reduce 
the ductility of both zincandtin. Fremy 
has shown that a trace of bismuth or lead 
makes gold as brittle as antimony. It is 
further known that chrome, nickel, turg- 
sten, etc., harden iron similarly to carbon. 

The substances which are associated 
with iron are, however, more numerous 
than is generally believed. The follow- 
ing may be mentioned: Carbon, silicium, 
phosphorus, sulphur, arsenic, potassium, 
sodium, calcium, magnesium, aluminium, 
manganese, nickel, chrome, titanium, van- 
adium, copper, nitrogen, and sometimes 
cobalt, molybdanum, etc. It may be as- 
serted with justice that pig-iron contains 
some portion of every element present in 
the ores from which it has been derived. 

The presence of nitrogen has been 
shown to be without any influence on the 
formation of steel as Fremy supposed, 
and the quantity of the same in steel has 
been shown to be so small that its very 
presence has been reasonably doubted. 
Aluminium is present in all irons smelted 
from clay iron ores or any of the varieties 
of black band ; these irons contain also 
calcium and magnesium. Some analyses 
render it probable that the silicium pres- 
ent in gray irons rich in manganese is 
probably chiefly combined with the lat- 
ter ; the probability of such a combina- 
tion is made stronger by the results ob- 
tained by Brunner and Wéhler, who found 





that manganese may be readily alloyed 
with +} per cent. of silicium. 

Gray iron often contains more than 10 
per cent. of foreign constituents, the 
number of which is very great. This is 
especially the case when the iron is very 
graphitic and has been reduced at a great 
heat. Fresenius’ analyses show that 
white iron (spiegeleisen) may contain 
nearly 18 per cent. of other elements, 
manganese and carbon with silicium be- 
ing always in preponderance. These ele- 
ments are reduced along with the iron 
even when the latter is produced at the 
lowest possible temperature, as is the case 
with a number of the Styrian white irons. 

Elements present in the fluxes are re- 
duced into the iron, as for instance cal- 
cium in considerable quantity when much 
lime is used with clayey ores. Therefore 
it may be stated as a general truth, that 
pig-iron contains some part of all sub- 
stances present in the furnace at the time 
of its reduction. 

With reference to the elimination of 
these substances, experience proves that 
only those elements may be entirely elim- 
inated which possess at the same time 
a great affinity for oxygen and a weak 
affinity for iron. These are manganese, 
calcium, magnesium, etc. Deville has 
shown that aluminium is less readily 
ozidizable, and that it is present in some 
varieties of steel. The majority of the 
varieties of steel contain in addition, sul- 
phur, phosphorus, silicium, and copper ; 
some French steels contain also cobalt 
and nickel. Parry shows that the pud- 
dled steel made at Ebbwvale contains 
carbon, silicium, sulphur, phosphorus, and 
manganese, and Karsten proved long ago 
that the four former are contained in 
every variety of wrought-iron. The com- 
position of stecl and wrought-iron is then 
quite as complicated as that of pig-iron, 
the proportions only of the respective 
elements being different. 

The element which takes precedence of 
all others in its influence on the proper- 
ties of steel iscarbon. The results of the 
investigation of many kinds of Swedish 
and Styrian Bessemer steel show the 
great influence of carbon on the respect- 
ive hardness and elasticity. In Sweden, 
9 sorts of Bessemer steel are distinguished 
(Boman), and numbered 1, 1}, 2, 24, 3, 
34, 4, 4}, 5, beginning with the hardest. 
Analyses made at Silianfors give the cor- 
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responding percentages of carbon as in 
round numbers : 

No. 1 1b 2 2 3 3 4 41 5 
2 1.75 1.50 1.25 1 0.75 050 0.25 0.05 
per cent. carbon, which percentages cor- 
responded to fixed characters and varie- 
ties of the steel. The absolute worth of 
the steel depends also on the number and 
amount of injurious elements present. It 
is probable that steel made from English 
and French pig-irons should contain less 
carbon than Swedish or Styrian steel, in 
order to possess the same welding or hard- 
ening qualities. 

Tunner gives the following assortment 
of Styrian steel: Nos. 1, 2, 3, 4, 5, 6, 7, 
with respectively 1.50, 1.25, 1.00, 0.75, 
0.50, 0.25, 0.05 per cent. carbon. Tunner 
had estimated by practical tests the car- 
bon content of the respective numbers of 
the assortment exhibited by the Heft 
Works at Paris, and stated them as fol- 
lows: For Nos. 2, 3, 4, 5, 6, 7, Tunner 
stated respectively, 1.35, 1.15, 0.85, 0.72, 
0.53, 0.11 per cent. of carbon, while ana- 
lyses made at Heft showed that Nos. 3, 4, 
5, 6, 7, contained respectively, 1.10—1, 
0.85—0.75. 0.42, 0.25 per cent. of carbon. 

A series of Neuberg bars exhibited at 
Paris, contained for Nos. 1, 2, 3, 4, 5, 6, 
7, respectively, 1.58—1.38, 1.38—1.12— 
1.12—0.88, 0.88—0.62, 0.62—0.38, 0.38— 
0.15, 0.15—0.05 per cent. of carbon. These 
figures show that 0.25 per cent. of carbon 
suffice to change the steel of one grade into 
that of another. They fully corroborate the 
old theory, according to which the grade of 
steel is proportioned to the percentages 
of carbon, other circumstances being the 
same. The latter reservation is necessary 
as other substances besides carbon affect 
the hardness of steel, and the facility with 
which it may be welded. Nevertheless it 
is perfectly correct to state that the qual- 
ities of steel depend principally upon the 
percentage of carbon. 

The classification of steel has been 
studied with care, especially that of Bes- 
semer steel, in order to be able to supply 
all qualities suited to every industrial re- 
quirement. In the course of these ex- 

eriments many interesting observations 
sn been made, among which that of 


Vickers, that the toughness of steel de- 
creases as soon as the percentage of car- 
bon exceeds 1.25 per cent., is especially 
interesting. 


These data considered collectively show 





that the iron and steel and pig-iron of 
commerce are similar compounds of iron 
and carbon, which always contain other 
elements ; further, that the qualities of 
the individual varieties depend chiefly 
upon their purity and the proportion of 
combined carbon, and finally that an un- 
broken series of products connects the 
softest iron, with the least carbon, with 
the different kinds of steel, and these in 
turn with pig-iron. In white iron and 
hardened steel all the carbon is combined, 
while some carbon is present: in an iso- 
lated state, as graphite in gray iron and 
unhardened steel. The exceptions to 
these observations seem to be very few. 

Caron has lately shown that hammer- 
ing produces an effect on the kind of car- 
bon present similar to that produced by 
hardening the steel, and therefore sup- 
poses that hardening facilitates the com- 
bination of the carbon with the iron. I 
should prefer to believe that the ham- 
mering as well as the hardening prevent- 
ed the separation of two bodies already 
combined. It is evident from existing 
data, that both in the blast furnace and 
in the cementing process iron takes up 
carbon in proportion as the temperature 
has been high and long continued ; if, on 
the contrary, the temperuture is reduced 
slowly some graphite separates. The 
molecules of soft bodies require a certain 
time for motion. If the body is suddenly 
cooled the carbon cannot isolate itself. 
In my opinion, hammering causes the 
same result, because it prevents the iron 
and the carbon from crystallizing, as it 
were, separately in cooling, but forces all 
parts with great power into and through 
each other. A proof of the want of har- 
mony in the effects of hardening and ham- 
mering lies in the fact that hammering 
increases, while hardening decreases the 
specific gravity of steel. 





ORLISS Enerxes.—One of 150 horse- 

) power, recently started for the Meri- 
den Britannia Company, saved in a week’s 
trial 41.8 per cent. of coal over an engine of 
the old-fashioned kind, with a consider- 
able increase of load. Such results are 
so common in the history of the Corliss 
engine, and coal is so costly in New Eng- 
land, that it is a little singular to find ‘so 
many “old-fashioned” engines still build- 
ing and running there. 
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PROGRESS OF THE METALLURGY OF IRON 
DURING THE LAST CENTURY. 
Translated fzom Berg u ~~ Zeitung, by John 

Pearse, 
Extract from a priz? essay by R. F. Stalsberg of Kongsberg, 
Norway. Jlart reiat.vo to the biast furnace. 

Sme.tine with Coxe.—The devastation 
of whole forests occasioned by improvi- 
dent use of wood without replanting, 
necessitated this step. The production 
of iron in England diminished on account 
of the scarcity of fuel by about 90 per 
cent. between 1612 and 1740. Dudley 
substituted coke for charcoal between the 
years 1620 and 1650, but was not success- 
ful on account of the opposition of other 
ironmasters; it was, therefore, left for 
Abr. Darby to bring coke into use be- 
tween 1735 and 1740, whereby the iron 
trade received a powerful impetus. The 
use of coke did not spread so quickly on 
the continent of Europe, partly because 
wood was plentiful, and partly on account 
of the quality of the products. The intro- 


duction of coke had become generai, how- 
ever, before 1820, since which time the 
production of charcoal iron has almost 
entirely disappeared in Belgium, while in 


Prussia it does not amount to one-tenth 
of the iron produced; in Austria the 
greater part of the iron is made in char- 
coal furnaces, many of which also still 
exist in the United States, while they are 
the only variety in use in Scandinavia 
and Russia, and it is only recently that 
coke has been tried in Sweden. 

Although the production became vastly 
larger, the quality of the iron suffered, 
. from sulphur and silicium; 

ut it has been found that with ordinary 
care a first-rate iron may be produced. 
A partial use of coke or anthracite along 
with charcoal yields a cheaper iron, the 
quality of which does not seem to be 
materially impaired. 

Use or Hor Brast.—Forty years ago it 
was generally believed that the cold blast 
was the best on account of the greater 
quantity of air forced into the furnace in 
a given time. Neilson introduced the 
hot blast at the Calder Iron Works in 
1830, and in 1835 there were no more 
cold blast furnaces at work in Scotland. 
On the continent its use became general, 
but for a while it fell into disrepute be- 
cause the quality of the iron was made 
poorer, so that it had been almost aban- 
doned again, especially in Belgium, be- 





fore 1843. It was found, however, that 
the cause of the difficulty was not the 
elevation of the temperature of the blast, 
but the retention of the old methods of 
working and proportions of flux, ete. 
On this discovery its use became general, 
and the temperature of the blast has been 
steadily rising till in some places it now 
reaches 1,000° or more. The high tem- 
perature has been found to render the 
working of the furnace more regular, ard 
to save a great deal of fuel. The reduc- 
tion of quality by the larger percentage 
of silicium incident to the greater heat, 
may be almost obviated by a proper varia- 
tion of the fluxes and ores. Experience 
has shown that high temperature in con- 
nection with proper fiuxes reduces the 
amount of sulphur in iron, while the re- 
duction of all phosphoric compounds in 
the ores, etc., is practically as complete 
with the cold as with the hot blast. 

Use or Furnace Gases.—The French 
developed their use from 1809 to 1836, 
but the most material progress was made 
by Taber du Four at Wasseralfingen in 
Wiirtemberg, who applied or attempted 
to apply them to almost every use to 
which they have since been put, among 
others to that of puddling. For the lat- 
ter and similar purposes the temperature 
produced by their combustion is insuffi- 
cient. They are almost exclusively used 
for the production of steam and heating 
the blast. There have been meny doubts 
as to the economy of their use, but these 
have been gradually dispelled by experi- 
ence. There are many methods of clos- 
ing the furnace top, the best of which 
allow the gases to collect over the top of 
the materials, and draw them out in the 
centre instead of on the sides, such are 
those of Coignt in France and Langen in 
Germany. It is probable that the diffi- 
culty experienced at several works on 
closing the furnace top to draw off the 
gases, and the consequent increased make 
of white iron, might have been due to 
other causes than the closing of the top. 
Wherever the gases are used they should 
be drawn out of the furnace by a chim- 
ney draught, which, however, should be 
no more powerful than is necessary to 
overcome the resistance offered by the 
apparatus to the free passage of gas. 

Susstirution or Woop anp Coal FOR 
CuarcoaL anp Coxe.—Wood has been sub- 
stituted for charcoal with entire success; 
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the ‘cost of carriage is, however, greater three-fourths the diameter of the shaft at 
than that for charcoal where both must the top of the boshes. The propriety of 
be hauled. For common purposes the the comparatively wide throat is now gen- 
use of raw coal is advisible; when, how- | erally acknowledged. The general form 
ever, good quality is desired, especially | of the shaft is either that of one cone in- 
freedom from sulphur, it seems best to; verted upon another, with more or less 
coke the coal. The advantages of the | cylindrical space between them, or that 
use of both wood and raw coal are chiefly | of an ellipsoid. The application of cylin- 
that the yield in charcoal and coke re- drical shafts has remained almost local, 
spectively is increased, and that the vol- | and the great widening of the throat pro- 
ume of the resulting gases is greater| posed by Truran has met with no ap- 
while the heating powers of the same | proval: the elliptical form proposed by 
are more considerable. The use of raw | Alger has not as yet given any very ex- 
materials cooled the furnaces at first con- | traordinary results. Rachette combined 
siderably, and for some way down from | the ideas of Truran and Alger in his inge- 


the throat; this difficulty was overcome 
by the use of the hot blast, and so en- 


/nious furnace. This furnace is reported. 


to work well in the Ural Mountains, but 


larging the upper parts of the furnace | the only one built in Europe (for smelting 


that they might correspond in capacity to 
the increased dimensions of a given weight 
of wood, and that where coal was used they 
might permit the free passage of the as- 
cending gas. In England raw coal is the 
fuel most generally used ; on the conti- 
nent, however, it is seldom _ used, 
and never without admixture of coke. 
Wood has been in several instances used 
entirely without charcoal, but as a 
rule air or kiln-dried wood is mixed with 
charcoal in various proportions. In some 
localities in Austria peat is substituted 
for charcoal, even to the extent of two- 
thirds of the whole amount, while in 
America anthracite is sometimes used 
with charcoal. 

The economy resulting from the use of 
raw fuel is considerable, but the quality 
of the iron made with raw coal is often 
seriously injured. Iron made from wood 
is quite as good as that made from char- 
coal. There are some coals, however, 
which can be used raw in the furnace, 
though they do not yield good coke. 

Increasep Size anp Cuancep Dimensions 
or THE Furnace.—The small size of the 
furnaces in use early in the century was 
doubtless due to the use of charcoal and 
an inadequate pressure of blast. On the 
use of coke, etc., the furnaces were en- 
larged, but principally by increasing their 
height ; the old form, with narrow, per- 
pendicular crucible, flat boshes and small 
throat, was long retained as the best con- 
struction. In 1820 the crucible was 
widened considerably. in England and 
Sweden, and its sharp angle with the 
boshes cut away (1820-1830), while the 
throat was greatly widened, even up to 





iron) has not as yet been more economi- 
cal of fuel or allowed a greater production 
than the old form. The experiments with 
these various forms are probably not yet 
ended. 

Improvep Roastrne or THE Ores.— 
Roasting in heaps has been generally su- 
perseded by that in variously constructed 
kilns. In Sweden and Styria the furnace 
gases are advantageously used to roast the 
ores. Comparative trials made at various 
works on the advantages of burnt over 
raw limestone have led to the use of burnt 
limestone. These improvements have in- 
creased the yield and economy of fuel, 
while they have greatly added to the cer- 
tainty with which it is possible to work a 
furnace. 

Perrrection oF Macnrnery AND APPARATUS. 
—Increased size has necessitated more 
powerful blast engines, some of which are 
of enormous size, and furnish wind at 
very high pressures. The increased 
width of throat made it necessary to per- 
fect mechanical appliances for charging. 
These consist in general of a section of a 
cone inverted over the throat, with the 
small end down; the opening may be 
closed either from below by means of a 
bell, which is lowered (Parry), or from 
above by means of a cylinder, which is 
raised (Langen) to allow the materials to 
fall into the furnace. These charging ar- 
rangements also serve to collect and draw 
off the gas, that of Parry indirectly, as it 
merely closes the throat, while that of 
Langen is so arranged that the gases are 
drawn directly from its centre. 

Urinization oF CINDER FROM Puprine AND 
Heatine Fournaces.—(Tap and fiue cin- 
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der.) Large quantities of iron were yearly 
lost in these cinders, before they were re- 
smelted. They should be roasted to facili- 
tate reduction, and should be smelted 
with a large percentage of lime. The 
iron made of them is usually very cold 
short, and is used to mix with better irons 
in the puddling furnace, and seldom for 
casting, to which purpose, however, it 
would be well fitted, on account of its per- 
centage of phosphorus, as it would run 
thinly and yield sharp castings. 





FREIGHT LOCOMOTIVES 


Compiled from ‘‘ Engineoring ”’ and “ The Railway News.”’ 


The present problem for great railways 
is how to accommodate an enormous 
freight traffic economically, and also in 
combination with frequent passenger 
trains at high speed. To lay other lines 
for the convenience and safety of passen- 
ger traffic, as has been proposed, would 
be to still farther lose the use of perma- 
nent way, already too little worked to pay 
proportionate interest on its cost. And 
where is the money coming from to build 
the other lines? 

The theory and the modern practice 
are in the direction of longer trains, and 
consequently heavier engines. On the 
Northern of France Railway, for instance, 
there are tank engines of 59 tons which 
haul trains of 45 laden coal trucks on 
gradients of 1 in 200. Long, heavy trains 
are worked at less cost per ton carried 
than light trains, and railway managers 
generally are making the trains as heavy 
as their engines can handle, and coi- 
stantly increasing the weight of their 
engines. In short, if 1 locomotive can 
be made to do the work of 2, it is 
needless to say that an immense economy 
would be effected in the working of our 
railway system. If the total working ex- 
penses with 20 freight trains of 35 cars 
each were 75 cents per mile in each direc- 
tion daily, it would probably be found that 
for 14 trains of 50 cars each they would not 
exceed $1, the total cost for all trains 
being $2.40 per mile in the former case, 
and $2.24 in the latter. 

But will the permanent way stand this 
increased weight of engines? Steel rails 
have to a great extent rendered this prac- 
tice feasible, but steel rails will wear out 
in time, and the strains of heavier engines, 


s 





as now constructed, upon themselves, and 
the sleepers and ballast, are very great, 
and have, perhaps, reached their prac- 


ticable limit. The purely locomotive en- 
gineer is not so apt to see these facts as is 
the civil engineer, and especially the per- 
manent way engineer. ‘'he former looks 
upon the permanent way as a camel’s 
back, fitted to bear any and all burdens, 
burdens which no final straw can break. 
To insure economical maintenance of 
way, the weight upon engine wheels must be 
diminished, or at least not increased, if 
engines are made heavier. The permanent 
way must be twice as strong to bear 6 
tons on a wheel as would be necessary for 
3 tons—earthwork, ballasting, sleepers, 
chairs, and rails—everything, must be 
twice asstrong. And soit must be if but 
2 or 4 wheels of all that are in a train 
press with a force of 6 tons each, and the 
100 or 200 others are loaded ou!y to half 
that weight. The line must be made for 
the maximum, not for the average nor 
the minimum load per wheel. The wear 
or abrasion of the head of the rail is not, 
it is true, dependent merely (although it 
is to some extent) upon the maximum 
load per wheel, and probably 2 wheels 
loaded to 3 tons each will cause nearly as 
much superficial wear as 1 loaded to 6 
tons, although they will knock the way to 
pieces to a far less extent. Another fault 
of the existing types of engines is that the 
weight per wheel but seldom approaches 
anything like equality on all the wheels. 
Of 6-coupled engines, the leading wheels 
may be loaled to 7 tons each, while the 
trailing wheels may bear only 5, although 
6 on each of both would be preferable. 
The only way to diminish the weight 
per wheel of a heavy engine is, necessarily, 
to increase the number of wheels. It is, 
then, naturally asked, Why not attach 2 
engines to the train? Two engines, how- 
ever, require 2 drivers and 2 firemen, and 
a good deal of care to start and work 
in concert. But, then, there is the plan 
of working 2 engines footplate to foot- 
plate, with but 1 driver, and possibly but 
1 fireman. The objections to this plan 
have been frequently pointed out, and 
there is but 1 line, the Turin and Genoa, 
where it has ever been resorted to. The 
driver’s attention, sufficiently occupied 
with 1 engine, is divided between 2 of 
every lever, handle, rod, or whatever else 
he ordinarily has to touch—2 regulators, 
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reversing levers, brakes, steam gauges, 
glass gauges, dampers, and steam blow- 
ers in chimney, 2 sets of pumps, safety 
valves, cylinder cocks, blow-off cocks, and 
sand boxes—at least 24 distinct claims 
upon his attention, where, with any ordi- 
‘ mary engine, he would have but 12. 

The 59-ton engines on the Northern of 
France, before referred to, have 12 wheels 
and 4 cylinders, 2 to each group of 6- 
coupled wheels. But these distinct groups 
are not bogies, all the axles being parallel, 
although the first and last axles of each 
group have considerable end play. The | 
wheel base, therefore, is nearly 20 ft. 





| 
| 


carried altogether too far. The weight is 
well distributed, no doubt—say to 4, or, 
at most, 5 tons on a hoof—but the coup- 
ling rods do almost more harm than 
good, and in turning Tattenham Corner, 
or, in other words, a sharp curve, the off 
heels are playing mischief with everything 
on that side. The fact is, very long-bel- 
lied horses, of the breed we are dealing 
with, will never ride well. 

Dropping the metaphor, 8, 10, or 12- 
coupled engines, having, therefore, neces- 
sarily long wheel bases, tear the way to 
piecesand themselvestoo. And the system 
of engine building which requires a per- 


long, and the engines thus strain the way | manent way twice as strong as it is neces- 


laterally, and are often breaking their | 
axle boxes. In any case such engines, | 


| 


sary for the paying load, including wag- 
ons, to be drawn, is, on its face, ‘wholly 


having, too, all, or nearly all, the compli- | wrong, and nothing but habit and an 
cation of the double bogie engine, must | almost pagan veneration for the outward 


work with considerable friction. 


form of the locomotive as George Ste- 


The defects of the modern freight en- | | phenson left it, can account for the long 
gine are metaphorically depicted by “ En- | continuance of a practice so palpably 


gineering” as follows: 


The locomotive | vicious. 


With properly constructed en- 


of 1868 is a monster which all good en- | 'gines the permanent way need not be 


gineers should unite to destroy. 


the stalking horse of railway bankruptcy, 
the gaunt steed of railway ruin. 


We can 
remember the locomotive shortly after he 
‘was foaled, and when, as a colt, he beat 
the devil’s tattoo with his little wheels— 
heels we mean—weighing not more than 
five tons on the hind pair; and he was a 
4-footed locomotive then, and not a 6 or 
8-footed nondescript as now. Bless his 
little boiier! He could, as he was then, 
ride on the footplate of the hard-mouthed 
stallions that tear over the rails now, and 
they would never feel it, although the 
race-course ’yclept “permanent way,” 
might. But he has grown altogether too 
big, and he must either have more legs 

ut under him or else be knocked on the 

ead. There is a main pair of legs to 
every engine, through which it must exert 
all its strength on a pull. For a strong 
pull all the legs must pull together, and 
all must keep exact step with each other. 
This can only be secured by means of cer- 
tain harness known as coupling rods; 
but when more than 6 legs at most are 
coupled, there is fretting and chafing. 
What with the difference in shoeing, and 
in the weight on each pair of legs, there 
is a constant tendency to get out of step, 
which only the coupling rods can restrain. 
When the beast has 8, 10, or 12 legs, as 
some of them have, coupling rods may be 


He i is | 





made nearly so strong as now, or, if the 
present strength were retained, the wear 
and tear, upon the plainest principles of 
action and reaction, would be very sensi- 
bly diminished. 

The double bogie engine of Mr. Fairlie 
appears to meet the modern requirements 
better than any scheme that has been put 
forward. The double bogie engine, origi- 
nally made, in a somewhat different form, 
many years ago, at Seraing, in Belgium, 
had many defects in detail which con- 
demned it. In Mr. Fairlie’s engine there 
has been found no serious fault, except 
the general charge of complication. This 
engine has 12 wheels of 4 feet in diameter, 
arranged in two groups, each group inde- 
pendent of the other, and driven by a pair 
of cylinders 18 inches in diameter with 
24-inch stroke. Each bogie has a wheel- 
base of 8 feet 6 inches, and this length is 
practically the rigid wheel-base of the en- 
gine. The total wheel-base is 32 feet 6 
inches, and this gives great steadiness to 
the engine, whilst, as will be seen, it does 
not interfere with its flexibility. The 
boiler is carried upon a cradle or carrier 
frame, which is in turn supported on the 
two bogie frames. The fuel and water 
are carried on the engine itself, the ne- 
cecessity for a tender is dispensed with, 
and the whole weight carried is made 
available for adhesion or grip on the rails. 
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The bogies are free to swivel on their 
pins, and each engine can radiate inde- 
pendently of the other; so whilst passing 
round even an § curve, each bogie can 
accommodate itself to the direction of the 
curvature without in any way interfering 
with the action of the other. The boiler 
has 2 barrels, each 13 feet long by 4 feet 
in diameter, these barrels springing from 
a central fire-box casing 10 feet G inches 
long. The barrels contain 352 tubes, 2 
inches in diameter inside, and the boiler 
has altogether a total heating surface of 
2,550 square feet. The grate surface is 
32 square feet. Both the regulator and 
the reversing gear are arranged to be 
worked from either side. The tractive 
power of the engines, with a cylinder 
pressure of 100 pounds to the square 
inch, is equal to 33,400 pounds, or equiv- 
alent to drawing a gross load of 390 tons 
up a gradient of 1 in 25, at a speed of 10 
milesan hour. The great points in favor 
of the double bogie engine are these: it 
admits of at least twice (and that an 
equal) subdivision of weight per wheel 
attainable with an ordinary engine. If 
such an extreme subdivision of weight be 
not desired, then it permits of the con- 
struction of a heavier and more powerful 
engine, with a given weight per wheel. 
So long as it has less than twice the num- 
ber of wheels of an ordinary engine, it 
admits of shorter individual wheel-bases, 
and, indeed, this will generally hold good 
even where 12 or 16 wheels are employed. 

One of these engines has been at work 
for some time past on the Neath and Bre- 
con Railway, and Captain Tyler, who re- 
ported upon its working, described its 
motion over new and sharply-curved por- 
tions of the line as being so free from vio- 
lent motion and oscillation, as to suggest 
to him the idea of “sailing.” The South 
Western of Ireland is about to make trial 
of these engines, and another trial is to 
be given to one on the Central Pacific 
Railway. The engine, which has been 
built by William Mason, at Taunton, will 
shortly be put where its merits will be 
well tested, and its results brought home 
to us. At the western extremity of the 
Central Pacific the line ascends from 
Sacramento, at the sea level, to the sum- 
mit tunnel in the Sierra Nevada, or Ne- 
vada Mountains, the ascent in a distance 
of 105 miles being no less than 7,042 feet, 
and the average inclination, therefore, 1 





in 67 for the whole distance, while for 6 
miles there are gradients of 1 in 45}, or 
116 feet per mile. 

By another arrangement of Mr. Fair- 
lie’s, that of hauling the trucks or cars 
from a centre draw-bar, each end work- 
ing on aswivel, the largest of goods trains 
may be made to follow the curves and 
windings of a railway, without that risk 
of being pulled off the line which too fre- 
quently occurs in the case of long trains. 
This arrangement will be referred to in 
another article. 

Meanwhile “Engineering” calls for 
other designs of 50-ton engines, and 
thinks there will be no difficulty in mak- 
ing a 6-coupled, 20-inch cylinder engine, 
with 2 feet stroke, 5 feet wheels, boiler 4 
feet 9 inches diameter, 300 tubes 2 inches 
by 12 feet, 30 feet area of fire-grate, and 
1,800 feet of heating surface; tractive 
force 16,000 pounds. Such an engine 


would have but 8 tons on a wheel, if the 
weights were properly distributed. 





\ JILLIAM H. TALCOTT.—It is with 

regret that we record the death of 
this gentleman, which occurred on the 
8th of December, at his residence in Jer- 
sey City. For many years Mr. Talcott 
has been known as among the most emi- 
nent of the Civil Engineers of this coun- 
try. On all matters connected with hy- 
draulics, his long and successful expe- 
rience has given to his opinions especial 
weight and influence. It is not within 
the limits of this brief notice to enumerate 
the many public works with which he has 
been connected. From the very beginning 
of his professional life he has commanded 
the esteem ofall who knew him; and hisex- 
cellent judgment, his keen analytical pow- 
ers, and unwavering probity, had placed 
him in the highest ranks in the profession. 
His name will always be remembered by 
those who knew him as that of an accom- 
plished engineer, and a most estimable, 
upright Christian gentleman. 





LGERNON ROBERTS.—Theun- 
timely death of Mr. Algernon Rob- 
erts, of Messrs. A. & P. Roberts, Pencoyd 
Tron Works, Philadelphia, will be widely 
and sincerely mourned. He was one of 
our active, energetic, working engineers 
and managers, as well as a useful citizen 
and a genial friend. 
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ACHINE Toots.—One of the best feat- 

ures of modern mechanical engineer- 
ing is the increased weight and better 
fitting of machine tools ; not simply be- 
cause the work they turn out is better 
done, but because it is done more cheaply. 
For instance, a light planer can neither 
take a heavy cut nor a true one. When 
work leaves a tool, it should be finished 
—subsequent hand-scraping and draw- 
filing arv neither beneficial nor econo- 
mical. A planer can hardly be too 
heavy. 

Another feature of modern practice is 
the use of special tools that can do one 
thing rapidly and truly, instead of con- 
vertible tools that can do anything. Ver- 
satility is not to be condemned, but in the 
extensive and regular reproduction of a 
given product, the sphere of the Jack-at- 
all-trades is limited. 

Still another and a novel feature of 
modern tool-building is the devotion of 
the leading builders to various specialties 
—the 2 Philadelphia shops, for instance, 
that are known wherever good machine 
tools are appreciated. Although they are 


not relaxing their efforts in. the produc- 
tion of miscellaneous tools, Bement & 
Dougherty make a specialty of Upright 
and Horizontal Boring Machines, Shap- 
ing Machines, Punching and Shearing 


Machines, Cotter Drills, and Steam 
Hammers. Their Boring Machine for 
the Boston Navy Yard, lately illustra- 
ted in various magazines, swings no 
less than 24 feet by the shifting of 
the uprights, and 12 feet ordinarily. 
Another machine from these patterns is 
constructing for the Washington Navy 
Yard. We notice at these works a Shap- 
ing Machine 20 feet long, with double 
travelling heads, for dressing out locomo- 
tive frames ; also a Pulley Turning Ma- 
chine, to turn 2 at once, with round or 
straight faces. 
mers, the 250, 400, 600, and 1,000 pound 
sizes, for smith shops, appear to be thor- 
oughly built and well adapted to miscel- 
laneous work. The frame, slide, cylin- 
der, and valve-seat or chest (rotary slide 
valve), are cast in 1 piece ; the anvil is 
independent. A considerable improve- 
mentin planers consists in casting side pro- 
jections on the bed—widening it out—for 
straight vertical uprights, instead of bend- 
ing in the uprights at the bottom ; this 
obviously stiffens the machine. 


Among the Steam Ham-| 
| by several American steel and iron manu- 





Mr. Be- 


ment has overhauled the 40-inch lathe, 
making a very powerful, accurate, and 
highly adjustable machine. The live head 
is much lengthened, to give wider cones 
and heavier belts. A screw feed, for screw- 
cutting, is placed inside the bed, and is 
used for that purpose alone. It is reversed 
by clutches in the lathe head, instead of 
reversing overhead. Another rack feed is 
placed outside as usual. The lathe has 
an improved adjustable rest, supported 
on a heavy screw, to adjust the height of 
the tool ; also a facing-feed on the rest. 

Among the specialties of William Sellers 
& Co. are Steam Hammers, in which their 
success has been remarkable, and is else- 
where referred to. 





NOVEL Saverzrer.—In several of the 
iron mills where the Sellers hammer 
is employed, puddle balls are squeezed by 
being placed on the anvil and subjected 
to the powerful pressure of steam admit- 
ted above the piston. The squeezing saves 
much metal which would fly off under the 
blow of the hammer, or which would be 
crumbled off in the rotary squeezer. 
When the ball is compacted by pressure, 
it is patted and then hammered. This is 
the practice in making puddled steel. 
The manufacture of the Morrison ham- 
mer, improved by Sellers, is a specialty of 
William Sellers & Co.’s business. The 
Cemand for Steam Hammers of all sizes, 
and especially of the smaller sizes for 
railroad and smith shops, is very largely 
increasing in this country, and this is a 
hopeful fact for better work and economi- 
cal production. 





HE Stevens’ Marten Process has been 
successfully started at the Trenton 
Iron Works, under the superintendence 
of Mr. Frederick J. Slade. Commissioned 


facturers to make a report on the state of 
the art in Europe, Mr. Slade devoted 
much time to these investigations, and es- 
pecially to the study of the various new 
steel processes ; he also made a valuable 
contribution to the able report of Mr. A. 
S. Hewitt, United States Commissioner at 
the Paris Exposition. Under these aus- 
pices, we may look for the rapid develop- 
ment of this new and important manu- 
facture. 
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SHIPS OF WAR. 


THE MONITOR AND THE CASEMATE SYSTEMS 
COMPARED. 


Abstract from various articles in ‘* Enginoering.’’ 


The advantages of the turret ship are 
these: 

1. Having no masts, and having its guns 
and much of its armor further inboard, it 
rolls less than the broadside ship. 

2. Its gun ports, being further inboard, 
would not roll under water, where those 
of a broadside ship, at the same angle of 
inclination, would do so. 

3. For the same reason, the guns rise 
and fall through a less are, and vertical 
aim can thus be better taken when firing 
in a sea way. 

4. Allits guns can be brought to bear 
on either beam, as well as a portion of 
them (where there are two or more tur- 
rets) on each beam. 

5. The training of the guns is perform- 
ed independently of the gunners, and their 
attention in loading, running out, aiming, 
and firing, is thus less interfered with 
than where the training is performed by 
hand and within the battery. 

6. The guns can be trained nearly 
through the whole circle, upon an enemy 
— and without turning the 
ship. 

7. The turret ship can fight “end on,” 
with the gun or guns of one turret, and 
nearly “end on” with the guns of all its 
turrets. 

The advantages of the broadside system 
are: 

1. They can carry masts and sails where 
the others, with their low freeboards, can- 
not safelydoso. A ship with a high free- 
board will roll through an angle at which 
| & ship with a low freeboard would capsize, 
» from the weight of water on one side of 
the deck. Thus the broadside ship may 
economize coal by setting sail where the 
turret ship has no sails. 

2. Broadside ships in which men are 
exercised, messed, and berthed above the 
water line, are more habitable, healthful, 
and better lighted and ventilated than 
turret ships can be while cruising. Arti- 
ficial ventilation may go far, but open-air 
exercise at sea is impossible. 

_3. The ship with a high freeboard car- 
ries its guns higher out of water. 

It is only 8 years since 44-inch plates 
would resist the best ordnance; now shot 
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and shells are thrown by 50 to 100 pounds 
of powder through 5 and 6-inch plates, 
and the Whitworth flat-fronted projectiles 
penetrate even below water. And still 
heavier armor will soon be demanded to 
keep pace with artillery. 

These are the respective advantages 
admitted, and the conditions required, 
but another important question is in dis- 
pute: 

The partisans of turrets also claim that 
turret ships of a given displacement can 
carry thicker armor than broadsides; that, 
exposing 2 smaller surface to the enemy’s 
fire, they are less likely to be hit, and that 
they can carry and work heavier guns. 
But when these alleged advantages are ex- 
amined, they will be found to be to a greut 
extent illusory. 

It is easy to see that ships with 2 or 
more turrets—the Royal Sovereign has 5 
and Admiral Halsted proposes 7—can 
carry very little more armor, with the 
ports the same height from the water, 
than broadside ships carrying the same 
number of guns. Although showing but 
little freeboard, the height of the armored 
side of the turret ship is much more 
than shows. The armor must go well 
down below water to provide for rise as 
the coal is burned out—a rise of 2 feet 
in a ship 300 by 50 feet for 500 tons of 
coal. 

Supposing the side armor of the turret 
ship to be transferred bodily to the broad- 
side ship. Then let us see how much more 
of the broadside ship the turret armor 
would cover. Whatever the thickness 
and height of the turret, each one of them 
(25 to 26 feet diam.) presents 80 lineal feet 
for the protection of 2 guns, 160 feet (2 
turrets) for 4 guns, and 240 feet (3 tur- 
rets) for 6 guns. A broadside ship 50 
feet wide, with ports 20 feet apart, would 
enclose 4 guns at the ends and sides with 
180 lineal feet of armor, and 6 guns with 
220 feet. As the number of turrets is in- 
creased, so is the advantage of the case 
mated ship. 

This comparison supposes the same 
height of sides; but even then the case- 
mated ship is a high ship, and presents all 
the advantages of height above water, as 
far as the casemate extends. 

The point, therefore, is not that one 
system presents more surface for protec- 
tion than the other, but how far it is best 
to increase the height of armor in order 
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to secure the advantage of a high side. 
The Koenig Wilhelm, clad with 2,800 tons, 
is regarded a good design. Toadd 7 feet 
to her height of armor, a foot thick all 
round, would increase the weight only 
some 900 tons. But it is the central bat- 
tery only that requires protection for this 
additional height, and a battery of 100 by 
50 feet, mounting 8 of the largest guns, in- 
creased 7 feet in height and a foot thick all 
round, would add but 450 tons weight of 
armor. The riddling of the unprotected 
high sides fore and aft the battery would 
be no serious matter. 

Less surface presented to the enemy’s 
fire is an advantage claimed for the turret 
—. But turrets always present half 
their diameter—a well-defined mark. Ad- 
miral Dahlgren reports that 8 monitors 
were hit 1,030 times while firing 3,587 
shot. A broadside ship may be laid ata 
considerable angle of obliquity to the 
enemy’s fire. The port holes exposed, and 
the use of port-stoppers, are the same for 
both systems. 

Another claim for turrets is that onl 
in them can the heaviest guns be worked. 
The same thing was said once of the 12}- 
ton gun, now worked in broadside. The 
Dunderberg works 18-ton guns in broad- 
side. All that a turntable or a revolving 
turret can do is to train the gun; loading, 
elevation, running out and firing, havetobe 
done by the same means in both cases. 
And in case of the revolving turret, some 
125 tons of armor has to be revolved as 
well as the , 

As to rolling: The monitors have their 
side armor built out over broad shelves 
Projecting from the hull, and these act 

ike bilge keels, or really, and more effec- 
tually, as side keels. These are equally 
applicable to broadside ships, and would 
lessen their rolling, while they would also 
lessen their speed, and we are not to for- 
get that such a thing as a fast monitor 
never floated. Side projections, like the 
“guards” or extended sponsons of the 
American coasting steamers, or like even 
.the paddle-boxes and sponsons of paddle 
steamers, greatly lessen rolling. 

Again, although a war ship should be 
primarily perfect fighting machine, it may 
never have a chance to fight, but it must 
be the home of hundreds of officers and 
men for years. 

The great advantage of the turret ship 
—facility of manwuvre—may be to a con- 





siderable extent obtained in the broadside 
ship by the use of twin screws. 

But why not adopt Admiral Halsted’s 
plan of mounting, say a couple of turrets 
on a broadsideship? The side plating of 
a 26 feet turret 7 feet high, and made of 15 
inchessolid iron, weighs 150 tons. With two 
of the heaviest guns now in use, with roof, 
central spindle revolving gear, and turret 
engines, the weight would be, say 300 tons. 
Two such turrets would thus weigh 600 
tons, or about one-eighth of the displace. 
ment of a moderate-sized iron-clad—less 
than one-sixteenth that of the Northum- 
berland. Yet consider for a moment what 
a ship Ericsson designed and built—the 
Dictator, to carry but 2 gunsin a single 24 
feet turret, 9 feet high, and 15 inches thick. 
That vessel is 314 feet long, 50 feet beam, 
draws 21 feet water, has a tonnage of 3,000, 
and, with no masts, a displacement of 
probably 5,000 tons. The engines, with 
100-inch cylinders and 4 feet stroke, are 
to work up to 4,500 indicated horse pow- 
er, and the boilers have far more grate 
area and heating surface than any vessel 
in the English navy. Now, when so much 
in the way of hull and engine power is 
provided in order to mount a single turret 
weighing in all, perhaps, 300 tons, why not 
carry the size of hull just far enough to 
secure the great advantages of the broad- 
side system; and then, if thought best, 
retain the turret or turrets, placing them 
just above? Masts might or might not 
be retained; but such a ship would carry 
more gun power for its weight and cost, 
and be more powerful for destruction 
than any turret ship ever designed for the 
same speed and the same thickness of 
armor. 

In conclusion, while admitting with re- 
spect to the strictly turret ships, all the ad- 
vantages they really possess, it is impos- 
sible to deny that they should never, in 
the forms in which Ericsson and Coles 
have made them, enter into the navy in 
any other capacity than as ships for coast 
and harbor defence. If they are to have 
high freeboards, and to be masted and 
rigged, their turrets will be correspond- 
ingly high, and will thus increase the un- 
steadiness in a seaway. But thus improv- 
ed, they would take a much better posi- 
tion in a comparison with broadside ships 
than they now do, and there would be 
good but not urgent reasons for their in- 
corporation into the navy. 
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MARINE ENGINE IMPROVEMENT. 


Complied from “ Engineering.” 


The marine engine in its present most 
advanced form is a splendid triumph of 

ractical science and mechanical skill ; 
but most middle-aged engineers can re- 
member when, nearly 30 years ago, they 
thought the same of the clumsy contriv- 
ances, now long since obsolete, which then 
churned through the water, driving ugly 
hulls at 8 knots an hour. The sim- 
plest, lightest, and most economical marine 
engine of A. D. 1868, is still a complicat- 
ed, heavy, costly affair, which, none can 
deny, needs a vast deal of improvement, 
if we can only find the means of improv- 
ing it. 

The theoretical advantages of high pres- 
sure steam, even up to 500 pounds or 
1,000 pounds per square inch, and those 
of extended superheating, and of the ut- 
most permissible degree of expansion, 
have been explained and insisted upon in 
innumerable pages of mechanical litera- 
ture; and, still more ably and urgently, 
by the many apostles of an improved 
marine engine practice, who have passed 
or are now passing away. To what we 
may attain in the future, none can now 
pretend to say; but while it is undeniable 
that the principle of very high pressure 
superheated steam, with high piston speed 
and a high degree of expansion, is right, 
the cleverest engineers have only ap- 
proached its advantages at a great dis- 
tance in practice. No engineer need be 
told the reasons why, for they are known 
to all. At sea it would seem that, even 
with surface condensation, we are never 
to have pressures much above 50 pounds, 
although it is encouraging to hear so 
clever and so successful a marine engineer 
as Mr. John Elder, of Glasgow, who has 
succeeded with 50 pounds, expressing 
himself confident of attaining, with the 
same comparative success, a pressure very 
much greater yet. It is encouraging to 
find hee engineers doing very well at a 
six-fold rate of expansion of 30 pounds 
rheated steam, in steam jacketted 
ders, and encouraging to know that 
Messrs. Penn’s, Messrs. Maudslay’s, and 
Messrs. Napier’s very largest engines, 
are frequently run on trial, and for some 
hours together, at a piston speed of from 
5090 feet to 600 feet per minute. 

The whole question of high pressure, 
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say,50 pounds or 100 pounds at sea, turns 
upon that of surface condensation; and it 
is undeniable, that so far certain difficul- 
ties attending the use of surface condens- 
ers have rendered it necessary to keep 
to pressures at which sea water might, 
upon occasion, be employed in the same 
boilers, the vacuum being then maintained 
by means of an injection condenser, al- 
though the air-pumps, which are suffi- 
ciently large for a surface condenser, are 
altogether too small to pump out injection 
water. It is enough to say that whenever 
the long known difficulties—such as the 
furring of the condenser tubes, the accu- 
mulation of oil, acidulated or otherwise, 
in the boilers, or the corrosion of the 
boilers themselves—are once and finally 
overcome, there is nothing to prevent the 
regular use of 100 pound or 150 pound 
steam pressure at sea, any more than in 
locomotives upon land. 

With injection condensers only a given 
amount of water is required for conden- 
sation, and to give more only needlessly 
lowers the temperature of the feed water, 
besides throwing additional work upon 
the air-pump, without obtaining any real 
improvement of the vacuum. But with 
a surface condenser the case is very dif- 
ferent. With a moderate quantity of 
cooling water outside the tubes, a relative- 
ly large amount of tubular surface is 
necessary, inasmuch as the temperature 
of water rises so rapidly that it soon be- 
comes nearly ineffective for the purposes 
of condensation, especially if the water 
be pumped from the Gulf Stream, the 
Red Sea, or any other warm source of 
supply. Some engineers maintain that it 
requires about as much cooling surface to 
get the heat out of the steam as it re- 
quired of heating surface to get it in. 
The usual proportion of the former to the 
latter is about as 2 to 3 or 3 to 4. In any 
case the quantities to be dealt with are 
large. A pair of engines working to, 
say 2,000 indicated horse power, would, 
in moderately fair practice, require every 
hour the quantity of steam that would be 
evaported from 900 cubic feet of water, 
or 15 cubic feet per minute. To condense 
this by injection, with the water at about 
60°, would require 350 cubic feet, or 10 
tons of water per minute. This would 
flow in from the sea; but its momentum 
being extinguished in the rose of the in- 


| jection pipe, it would require to be lifted 
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out again to the sea level, perhaps 10 
feet or 15 feet, or even more; the work, 
exclusive of all losses, from friction, etc., 
thus amounting to from 7 to 11 or 12 
horse power. Were the same quantity of 
water pumped through a surface condens- 
er, there would be no loss of power 
(disregarding that from friction, bends, 
etc.) beyond that due to the head which 
would maintain the required rate of flow. 
If the 350 cubic feet per minute, or say 
6 cubic feet per second, were to be passed 
through a net waterway of even 1 square 
foot, it would move at the rate of but 6 
lineal feet per second, corresponding 
practically to a head of rather more than 
one foot. But much more than the or- 
dinary amount of injection water is re- 
quired with surface condensers. Yet on 
ship board, with the surface condenser 
10 feet or 15 feet below the water line, 
10 or 15 times the ordinary amount 
of injection water may be sent through 
without any real loss of power as com- 
—~ with lifting out the injection water 
y the air-pump. In dealing with, say 
3,500 cubic feet of water per minute 
(100 tons, or nearly 22,000 gallons of sea 


water), only centrifugal pumps would be 


reckoned admissible. No such large 
quantity is required in the case we have 
supposed, nor could any surface condens- 
er adapted to engines of 2,000 indicated 
horse power well pass such a quantity 
unless the water ways between the tubes 
were needlessly large. Yet it is as well to 
remember the advantage which a large 
volume of condensing water affords, viz., 
that it renders a less extent of condens- 
ing surface necessary. The more water 
the less surface, the less total bulk of con- 
denser, and the less cost. 

Could marine engines be run twice as 
fast, they would require to be but half as 
heavy. Then why not run them faster? 
Because they would wear out two rapidly; 
the rubbing surfaces might heat, in spite 
of all lubrication—seize, and all would go 
to wreck together. This is exactly what 
would have been said, 20 years or so ago, 
of an attempt to run short stroke (4 feet) 
screw engines at 60 revolutions per min- 
ute, yet Penn’s engines of that stroke, 
in the Bellerophon, have been run at 75 
revolutions, and so far from breaking 
down are as good as new. Mr. Stirling’s 
fine express locomotives, which we illus- 
trated last week, running at 45 miles an 





hour, measure off 720 feet of piston per 
minute by the hour, and give no trouble. 
And were railways safe at still higher 
speeds, say 60 miles continuously, these 
engines would as easily (as they often 
now do for a few minutes) measure off 
from 960 feet to 1,000 feet per minute, by 
the hour together. Why should not 
marine engines do the same? Is it that 
there is not room for a 5-feet stroke, with 
a 10-feet connecting rod, and that 100 
revolutions per minute are not required 
for the screw? If these are not the rea- 
sons what are they? It is certain that 
when we give up cast-iron pistons, of 
heaven knows how many tons’ weight, 
when we employ hollow steel piston rods, 
when we abandon the ugly round con- 
necting rods and adopt steel, channelled 
at the sides, thus I (or, if made to work 
through water, upon wood bearings as 
hereinafter suggested, they may be made 
of double edged sword section), when we 
adopt steel cross heads and bore out the 
axis of the crank pins and throws, we 
shall be enabled to run much quicker 
without jar or danger of heating. Light- 
ness, good workmanship, and large bear- 
ing surfaces are all that is required to 
permit of the highest speeds. 

Why should the stern bearing have the 
whole benefit of wood linings, the inven- 
tion of which raised the screw engine 
and screw propeller from the depths of 
doubtful expediency to the summit of suc- 
cess? Silver linings—even they may be 
said to have been to the dark cloud 
which for so many years hung over the 
cause of screw propulsion. All the screw 
shaft bearings, including the thrust bear- 
ing, might be packed like the stern tube, 
with lignumvits, and they, with the shaft, 
might be enclosed in a plate iron trunk 
filled with water for 2 or 3 inches all 
around the shaft, and thus the bearings 
— go for months, if not for years, 
without being once looked at, and with- 
out the possibility of heating. And even 
the main bearings and eccentric hoops 
might be wood lined and worked in 
water. 

As to the practice of various countries, 
“Engineering” concludes that the Paris ex- 
position contained no better designed or 
better built marine engines than those by 
English builders, and instances an engine 
by Penn, weighing only 75 tons, but capa- 
ble of 2,100 indicated horse power; also 
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that some of the French designed engines 
of the Compagnie Générale Transatlan- 
tique, running to New York, had to be re- 
moved from the ships. It speaks well 
of the American beam engine for com- 
mercial purposes, on inland and outside 
waters. This type is of course unsuited 
to war service. It hopes that we Ameri- 
cans may long enjoy the monopoly of 
Mr. Isherwood’s types of naval engines. 

There is very little hope of improve- 
ment, this authority further concludes, 
from the use of the water jet propeller, 
or from the employment of liquid fuel at 
its present price. 





SIEMENS’ NEW PUDDLING PROCESS AND 


FACTS AND THEORIES. 


Condensed from Mr. Siemens’ paper before the British Asso- 
ciation, the discussion, and the comments of the press. 
Mr. Siemens set out with the state- 

ment that the present process of pud- 
dling was very defective, involving great 
loss of metal, waste of fuel, and of human 
labor, and an imperfect separation of the 
two hurtful ingredients, sulphur and 
phosphorus. 

The molten pig iron in a puddling fur- 
nace is intimately mixed with the cinder 
formed in the furnace; the silicon is first 
separated from the iron; the carbon only 
leaves it during the later period of ebul- 
lition, and the sulphur and phosphorus 
separate last, while the metal is coming 
to nature. This much may be considered 
proved by analysis. 

The orp Txeory of puddling adopted 
almost without investigation is plausible 
enough at first sight, and is thus stated: 
The pig iron when melted in the air fur- 
nace, being brought in contact with the 
air in its entire mass by mechanical stir- 
ring, undergoes an oxidizing process ana- 
logous to that which takes place in the 
Bessemer converter, the oxygen of the 
air taking away the silicon, carbon, and 
other impurities one after the other in 
ro ed succession. The iron ore used for 

elting (American, “fixing”) combines 

with the silica formed by the oxidation of 
the silicon in the pig iron, and forms the 
puddling furnace cinder, which is charged 
moreover with different combinations of 
the phosphorus and sulphur originally 
contained in the pig iron. 











Mr. Siemens’ ruxory is that the pig iron, 
when molten in the puddling furnace and 
kept in contact with the fettling (which 
latter may be considered to consist of 
nothing but iron and oxygen) requires no 
oxygen from the air for being converted 
into wrought-iron. All that is required 
for its decarburization and desilicatiza- 
tion is an intimate contact of all the par- 
ticles of iron with the liquid cinder formed 
from the fettling at a high temperature. 
The oxide of iron will then be decomposed 
by the silicon and by the carbon existing 
in the pig iron, and a large proportion of 
iron will in this manner be reduced from 
the ore. 

Mr. Siemens goes a step further, and 
proves by the evidences of all the phe- 
nomena connected with the puddling pro- 
cess in an ordinary furnace, that even in 
presence of an oxidizing flame, the oxygen 
for decarburization is taken principally 
from the ore, and not from the atmos- 
phere of the furnace. 

Mr. Siemens’ chemical reasoning is as 
follows: Silicon.—In forming (by the 
rabble) an intimate mechanical mixture 
between the fluid cast metal and the cin- 
der, the silicon in the iron is brought into 
intimate contact with metallic oxide; being 
found afterwards in the form of silicic 
acid (combined with oxide of iron), it 
follows that it must have reduced its 
equivalent of iron from the cinder to the 
metallic state. 

Carbon.—The disappearance of the car- 
bon is accompanied by violent ebullition, 
and the appearance of carbonic oxide. 
The appearance of the process proves 
that the combination of the carbon and 
oxygen does not take place on the sur- 
face, but throughout the body of the iron. 
Mr. Siemens has also observed that no 
oxidation of fluid cast-steel melted on the 
open flame bed of a furnace, takes place 
as long as it contains a particle of carbon. 
Hence he concludes (by rather a long 
jump, we think) that the owidizing action 
of the flame in a puddling furnace com- 
mences only after the malleable iron is 
formed, and hence the oxygen of the 
atmosphere of the furnace did not remove 
the carbon and silicon. 

As to loss in the process, Mr. Siemens 
gives a calculation, the result of which is 
that assuming the pig to contain 3 per 
cent. of carbon and 3 per cent. of silicon, 
10.5 per cent. of metallic iron should be 





38 VAN NOSTRAND'S ENGINEERING MAGAZINE. 





added to the bath from removing the car- 
bon, and 8.4 per cent. from removing the 
silicon, = 12.9 per cent. or 474 pounds of 
wrought-iron from a charge of 420 pounds 
of pig, whereas the actual yield is 370 
pounds or 12 per cent. loss. He makes 
another calculation to show that 74 pounds 
of cinder are necessary to produce this 
54 pounds of reduced iron, and says that 
this amount of cinder is considerably ex- 
ceeded in practice. He quotes Dr. Percy 
as to the removal cf phosphorus and sul- 
phur (which are insufficient to affect the 
foregoing quantitative results, however 
they may affect quality) viz., that the crys- 
tals of metallic iron as they form through- 
out the boiling mass, exclude foreign sub- 
stances just as water does in freezing— 
salt water forming ice that yields sweet 
water upon remelting. 

Oxssections To THE Txrory.—As to the 
removal of carbon, by the cinder alone, 
rather than by the aid of the oxidizing 
flame, Mr. Siemens only presents a theory; 
if he has facts, he has unfortunately neg- 
lected to mention them; he does not say 
whether he used an oxidizing or a neutral 
flame in his practice. It is universally 
admitted that during the earlier period of 
the process, the presence of free oxygen 
is an advantage; it stimulates and facili- 
tates the process, and entails no danger 
of oxidizing or burning the iron itself. 
The excellent results of the Richardson 
process of puddling—the tubular rabble 
to supply air, certainly show a decided 
action resulting from the atmosphere of 
the furnace. 

As to the theory of removing silicon 
without the aid of an oxidizing flame, it is 
objected (in “ Engineering”) as follows: 

The analyses of a puddling furnace 
charge in its various stages of progress 
show that the silicium is removed at the 
earliest stage, and that it disappears 
slowly and gradually during the process 
of melting and stirring, and before the 
commencement of the “boil.” At that 
period the fettling is not melted, nor can 
it melt until it is converted into a silicate 
by the combination of the oxide of iron 
with the silica formed from the silicium 
in the bath. Silicium can take oxygen 
even from a neutral flame by decompos- 
ing the carbonic acid of the flame, but 
we have no evidence of its capability of 
reducing oxide of iron when in contact 
with it at a high temperature. On the 





contrary, it is known that a bath of pig iron 
when kept in contact at a high tempera- 
ture with a slag of silicates, will reduce 
silicium from that slag at the expense of 
the carbon contained in the liquid pig 
iron. This property, too, is the cause of 
the difficulty which exists in the puddling 
process, and also in the Bessemer process 
to remove all silicon from the pig iron 
when the latter contains a very high 
percentage of that substance. 

In reply to this Mr. Siemens states 
(“ Engineering,” October 2) the results 
of experiments showing that no silicon is 
taken up by the fluid cast metal in con- 
tact with silica or silicates. He charged 
10 ewt. of Acadian pig metal and 1 cwt. 
broken glass upon the bed of a regenera- 
tive gas furnace (usually employed for 
melting steel upon the open hearth). The 
bed of this furnace was formed of pure 
silicious sand. The iron contained silicon 
1.5 per cent., carbon 4 per cent. Ana- 
lyses were made at the end of each hour, 
the silicon gradually decreasing. The re- 
duction of the silicon might be accounted 
for by the presence of minute quantities 
of oxides of iron produced in melting the 
pig metal, which oxides were now in- 
creased by the addition of hematite ore in 
small doses. At the end of the fifth hour 
the samples taken from the fluid bath as- 
sumed a decidedly mild temper ; when 
the addition of ore was stopped, and ex- 
actly 6 hours after being charged, the 
metal was tapped and run into ingots ; it 
now contained silicon .046 per cent., car- 
bon .25 per cent. Thus both the silicon 
and carbon had been almost entirely re- 
moved from the pig metal by mere con- 
tact with metallic oxide under a protect- 
ing glass covering. The quantity of red 
ore added to the bath amounted to 2 ewt., 
and the weight of metal tapped to 10 ewt. 
5 pounds, being slightly in excess of the 
weight of pig metal charged. 

We consider it probable that the advan- 
tage of Mr. Siemens’ practice over the 
old practice is that it is performed in his 
gas furnaces in which the flame is abso- 
lutely under control, and that at the close 
of the process it can be made an abso- 
lutely neutral flame, instead of a partly or 
accidentally oxidizing flame to burn up 
the iron. 

Mr. Sremens’ new Practice is remark- 
able, however undeveloped or inade- 
quately explained his theories may be. 
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During 18 months’ working of a pud- 
dling furnace at the Bolton Steel and 
Iron Works, he has succeeded in making 
the yield of puddled iron in many cases 
fully equal to the weight of pig iron 
charged into the furnace. With regard 
to the economy of material, experience 
had proved that an ordinary furnace re- 
ceiving charges of 484 pounds, yielding 
an average of 426 pounds, represents a 
loss of 12 per cent.; whereas his furnace 
received charges averaging 428 pounds, 
and yielded 413 pounds, representing a 
loss of 3.5 per cent. It was important to 
observe, moreover, that his furnace turned 
out 18 heats in 3 shifts, in 24 hours, 
instead of only 12 heats in 24 hours, 
which was the limit of production in the 
ordinary furnace. The quality of the iron 
produced from his furnace was also de- 
cidedly superior to that from the ordi- 
nary furnace. Beyond these consider- 


ations the consumption of fuel was also 
greatly in favor of his furnace, estimated 
at 25 per cent. 

The consumption of the fettling was 
greater in the gas furnaces, and the 
superior yield was naturally attributed 


by forge managers to that cause. But 
the subsequent introduction of water 
bridges reduced the amount of fettling to 
an ordinary proportion, and experiments 
then proved that the use of his furnace 
gave an average yield of fully 12 per cent. 
above the ordinary furnace, while the 
iron was of better quality. 

The Siemens’ Furnace consists of a 
puddling chamber of very nearly the or- 
dinary form, which, however, is heated by 
means of a regenerative gas furnace, the 
principle of which is well established. 
The advantages of this furnace for pud- 
dling are, that the heat can be raised to 
an almost unlimited degree; that the 
flame can be made at will oxidizing, neu- 
tral, or reducing, without interfering with 
the temperature; that in-draughts of air 
and cutting flames are avoided, and that 
the gas fuel is free from pyrites and 
other impurities which are carried into 
the puddling chamber from an ordinary 
grate. In this respect the new furnace 
presents the same advantages as puddling 
with charcoal. 

The Siemens’ furnace enables us to per- 
form the operation of puddling with the 
following advantages: We commence the 
charge with a hot clear flame, which is 





kept up until the charge is quite liquid and 
raised to a very high temperature; at that 
moment we shut off the supply of gas al- 
together, drawing into the furnace noth- 
ing but pure atmospheric air, intensely 
heated by its passage through the regener- 
ators. This is an “oxidizing flame par 
excellence,” and its action upon the bath, 
when assisted by stirring the liquid mass 
with the rabble, must be rapid and effec- 
tive. The next change must be effected 
when the liquid mass begins to rise in the 
furnace. The gas inlet must then be 
opened to its full width, and a fiame over- 
charged with gas must be maintained to 
the end of the operation. 

Cost or Furnaces.—It was stated that 
a pair of Siemens’ furnaces cost about 
£450, which was rather more than the 
cost of a pair of ordinary ones; but the 
gas furnaces would make one-third more 
iron, which was equivalent to one-third 
of the cost, and the saving in iron and 
coal would more than pay the expense of 
the furnace in one year. 





FARMING MACHINERY. 


The improvement of the portable steam 
engine, no less than of the locomotive 
steam engine, to meet the demands of 
agriculture, is one of the most important 
problems of the day. There are already 
in England stationary engines of 100 in- 
dicated horse power, employed to drag 
gangsof ploughs. The application of steam 
to the other operations of agriculture is 
almost equally important. “ Engineer- 
ing” says: When all the advantages of 
steam are fully understood by farmers we 
may expect to see it applied on thousands 
of farms where, thus far, it has never been 
seen. It will be employed to mix clay 
and sandy soils, assimilating the texture 
of hill top lands to that of those in the 
valleys. It will be employed to pump 
farm and other sewage to where it ought 
to be pumped for irrigation, for sheep 
washing, for stone breaking, and in many 
other ways. The worthy steam farmer 
will be a sort of factory owner and en- 
gineer-in-chief, and many of his men will 
be mechanics, engine drivers, and stokers. 
The great farms will be almost in a single 
field, levelled where possible almost like a 
drawing table. The steam farming (not 
barnyard) engine can equally draw a 
plough, a cultivator, a barrow, a seed drill, 
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or a drain plough, and it is not clear why 
it should not also draw a reaping or mow- 
ing machine, provided it was made sufii- 
ciently wide to render the application of 
steam profitable. 

There are no less than 300 steam ploughs 
and cultivating sets now used in England. 
“ Engineering” estimates that they have 
broken up and pulverized from once to 
6 or 8 times, at least half a million 
acres (possibly much more, for it is ex- 
ceedingly difficult to form any accurate 
estimate ), and that in a manner never be- 
fore known since ploughs were invented. 
There are now ploughing engines capable 
of exerting 100 indicated horse power, 
and capable of putting a draught of 3 or 
4 tons upon an implement at a rate vary- 
ing between 3 and 4 miles an hour. With 
such power any depth can be reached, 
and as the disintegrating power is, by a 
well-established mechanical law, as the 
square of the velocity, the soil is broken 
with 4 times the mechanical effect at 
4 miles an hour, as in the case of a 
horse-drawn plough at two miles. 

The committees of the Royal Agricul- 
tural Society on steam cultivation, pub- 
lished in 1867, after examining some 200 
steam-tilled farms, report that “A culture 
deeper than it is possible for horses to 
effect, works a highly beneficial change in 
the texture of the soil, imparts additional 
efficiency to drainage works, augments the 
value of the manure applied, brings into 
operation certain latent properties of the 
soil, which much increases its fertility; it 
also fits land, formerly unfit, for the growth 
of turnips, allows of their being fed off by 
sheep, the operations of the field are econ- 
omized, and the growth of all crops is 
stimulated.” At the time of their report 
steam tillage was considerably cheaper 
than horse tillage. Now, the steam plough- 
ing engine, rope, and other tackle, and 
the attached implements, have been very 
much improved, and the comparison 
would be still more in favor of steam. 

But the greatest gain is in the improved 
erops due to thorough tillage, and this 
may amount to an extra quarter of wheat 
per acre, an extra 3 or 4 tons of tur- 
nips, or something equivalent, and in 
this way the average crop may be increas- 
ed possibly to the extent of £10,000,000. 
There are many recorded instances of 
steam-ploughed fields yielding 2 or 
more quarters of wheat per acre more 





than fields of the same character of soil 
alongside, but cultivated by horses. 

Although there is probably no more 
efficient and economical power than steam 
for large operations, the substitution for 
“one horse ” operations of some safer and 
more cheaply managed power than steam, 
as at present generated and used, should 
merit the serious consideration of the pro- 
fession. 

The “ American Artisan” suggests also 
the following important problems for agri- 
cultural engineers: The development of 
compound machines for preparing, by dif- 
ferent changes of parts, the food for ani- 
mals, whether of grain or stalk or root; 
for disintegrating and preparing refuse 
mineral and vegetable substances for fer- 
tilizing purposes; for cleaning fields from 
stones; for the rapid and efficient con- 
struction of drains, and for many other 
purposes which would be developed in 
time, but can hardly be now foreseen. 





HE Evm or Hasty Wararrinc.—The 
“Round Table” commences a timely ar- 
ticle on this subject with the remark that 
American journalists write too much, and 
states that the leader writers for the “‘ Lon- 
don Times” furnish but one to three articles 
per week. Such articles are well digested, 
and worth more than all the pages written 
“against time.” If hasty journalism isa 
defect in polite and political literature, 
how much graver the defect in scientific 
literature. Technical articles, of all others, 
should be highly matured; when loose 
and hasty, and especially when spun out 
to fill so much space, they are too long to 
be read—practitioners cannot afford the 
time—and they are likely to be incomplete 
and inconclusive. 

But, notwithstanding the vast increase 
of trashy writing, secular and scientific, 
there is a growing taste for higher literary 
excellence in the one department, and a 
growing and acknowledged want of more 
learning as well as a better style in the 
other. This taste and want exhibit them- 
selves in the form of pay. The better 
class of readers are making it an object 
for the better class of writers to contribute 
to periodical literature. 





HE Artantic Works, East Boston, are 
building several iron steamers and 
their engines, and employ 350 hands. 
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RUBBER TYRES FORHIGHWAY LOCOMOTIVES. 


Compiled from Accounts in the London and Edinburgh Press, 


Mr. R. W. Tomson’s road steamer, re- 
cently tried about Edinburgh, has given 
a new start to highway steam locomotion. 
The improvement consists in the use of 
thick tyres of India rubber, which are said 
to make all roads good roads, and thus to 
overcome the grand obstacle to this other- 
wise most useful and economical means of 
transportation. 

After trying a smaller locomotive with 
success, Mr. Thomson built one of 8 
tons weight, having a vertical boiler, and 
standing on two geared driving and two 
steering wheels. 

The driving tyres are made of bands of 
vulcanized India rubber 15 inches wide 
and 5 inches thick. This soft and elastic 
substance carries the great weight of the 
locomotive, without injury, over newly 
broken road-ballast, broken flints, and all 
kinds of sharp things, without even leay- 
ing a mark on the India rubber. It does 


not sink into the road in the least degree. 
It passed over the stones lying on the sur- 
face, and even over potatoes and carrots, 
purposely laid in its path, without crush- 


ing them. It resembles in some degree 
the feet of an elephant. As remarked by 
Professor Archer, in his paper before the 
British Association, both the camel and 
elephant have very large soft cushions in 
hard hoofs, and no other animals can 
stand so much walking over hard roads. 

The power required to propel the loco- 
motive is very much less than what would 
be required if the tyres were hard and 
rigid. They do not crush nor sink into 
the roadway. The machine, as it were, 
floats along on the India rubber, and all 
the power used in crushing and grinding 
the stones under rigid tyres is entirely 
saved. It might at first sight be supposed 
that it would take a great deal of power 
to propel a heavy carriage on soft tyres; 
but if the tyres are elastic as well as soft, 
the power used in compressing them in 
front of the wheel is nearly all given back 
as the elastic medium expands behind the 
wheel. In fact, the India rubber tyres re- 
quire scarcely any more power to propel 
them over soft, bad roads, or over loose 
gravel roads, than on the best paved 
streets. 

On a soft grass field, in which an ordi- 
nary steam carriage would have sunk, the 





rubber tyres were run without even leav- 
ing a track. On a field which had just 
been covered with loose earth to the depth 
of 1 or 2 feet, they ran straight across 
and back, without difficulty, and com- 
pressed the earth so little that a walking 
stick could easily be pushed down in the 
track of the wheels. 

When riding on the road steamer the 
feeling is like what would be experienced 
in driving over a smooth grass lawn. 
There is absolutely no jarring. Thus the 
machinery is spared the severe trials aris- 
ing from the blows and jolts to which it 
is subjected when mounted on common 
wheels. 

There is, incredible as it may appear, 
no indication of wear on the India rubber 
tyres. The original surface which the 
rubber had when it left the manufactory 
is still visible. 

The tractive powers of the machine have 
surpassed all expectation. It was con- 
structed to drag an omnibus, weighing, 
with its load of say 30 passengers, about 
4 tons, on a level road, but its capacity is 
so greatly in excess of this task, that no 
load placed behind it has fully tested 
its power. On a road so slippery from 
frost that horses hed the greatest diffi- 
culty in keeping on their legs, no difficulty 
was found in going over the glazed sur- 
face by the India rubber wheels, with a 
load of 13 tons (a large boiler on a truck) 
on an incline of 1 in 12. 

On one occasion, the locomotive drew 
a coal train, in all 90 feet long, consisting 
of 4 wagons, weighing, loaded, 32 tons, 
8 miles, over grades of 1 in 16. 

The steering of the locomotive while 
hauling the coal train in the crowded 
streets of Edinburgh, and around sharp 
corners, was very successful. The line of 
streets through which it passed are al- 
ways the most crowded in the city, but at 
the time the train passed through these 
thoroughfares there happened to be an 
unusually great current of traffic passing 
in a contrary direction to where some 
games were going on, which gave rise to 
a great stream of omnibuses, cabs, and 
conveyances of every description, in addi- 
tion to a great crowd of pedestrians. Not- 
withstanding all these obstacles, aggrava- 
ted by the streets being at some points 
under repair and closed for one-half of 
their width, no difficulty was experienced 
in steering clear of every impediment. 
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The extremely curious way in which | 
the whole 4 wagons follow, snake like, 
in the track of the road steamer was 
clearly seen in passing out of North 
Bridge into Leith street. First, the road 
steamer had to turn to the right, and be- 
fore the last wagon was round the corner 
to the right, the road steamer had al- 
ready turned sharp to the left to go into 
Leith street—thus the train actually as- 
sumed the form of the letter S, every 
wagon going over the same ground as 
the road steamer with the most perfect 
accuracy. The very steep and crooked 
descent of Leith street, which has a gra- 
dient of probably 1 in 12, was managed 
with perfect ease. The final manceuvre 
was turning with the whole train out of 
a street 30 feet wide, into a lane 25 feet 
wide, up a steep incline. It passed in at 
the first trial, leaving so much space to 
spare that it was found, on afterwards 
measuring the wheel tracks, a width of 
14 feet would have sufficed, though the 
breadth of the wagons is 7 feet. 

As to usefulness for Army purposes, the 
“Railway News” remarks that a few of 
these engines working up the Col de Bala- 
clava might have saved many lives in the 
Crimean winter of 1854, and the increased 
weight of siege ordnance would now give 
to an engine of this sort an importance 
which it could not then have possessed. 





OILER Exptosions—Tae Prosectire 
Turory.—This theory, started by 
Zerah Colburn, and advocated by D. K. 
Clark and others, meeis with confirma- 
tion occasionally, by circumstances which 
no other well-defined theory will explain. 





For instance, in the explosion of a boiler at 

-Wustewaldersdorf bleachery in Germany, 
a detailed account of which is translated 
from the Journal of the Association of 
German Engineers, for the “Iron Age” 
of October 1, a manhole plate was blown 
off from the boiler by reason of defective 
bolts; a sudden liberation of a great vol- 
ume of steam ensued, and an explosion 
followed, tearing the seams and the solid 
plate in various places. 

The German writer (Mr. Heaffman) ob- 
serves that explosions generally occur after 
the sudden liberation of steam, and ad- 
duces experiments with glass boilers, viz:— 
Opening the safety valve slowly, let off 





the pressure without disturbing the water; 


opening it suddenly caused such a rapid 
generation of steam bubbles as to place 
it in violent commotion; the pressure fell 
3 pounds, and immediately began to rise, 
when the boiler exploded and was shat- 
tered to:powder. Boiling water was pump- 
ed into another boiler, and then air forced 
in until the boiler burst at the much high- 
er pressure of 15 atmospheres, but with 
less report, and no shattering. 

Mr. Heaffman attributes boiler explo- 
sions to electricity. But the theory is not 
well defined; it is only a guess. The pro- 
jectile theory, however wrong farther 
knowledge may prove it, is at least well 
defined, and in these and many explo- 
sions there are all the conditions required 
to produce it, viz.: 1st, the sudden relief 
of pressure; 2d, the flashing of much 
water into steam, because at a reduced 
pressure it cannot exist, hot as it is, as 
water; 3d, the violent escape of this steam 
carrying water with it; 4th, the instanta- 
neous blows of innumerable projectiles, 
large and small, of inelastic water upon 
the plates, shattering them irrespective of 
weak places, like the effects of cannon 

ot. 


LD anp New Ossects or Invention.— 
The inventions of the last hundred 
years sometimes appear more grand and 
far reaching than any now being develop- 
ed or demanded. But it must be remem- 
bered that the old inventors had a clear 
field. Everything was demanded and 
nothing was done. Thesteam engine, the 
cotton gin, the telegraph, smelting with 
pit coal, the hot blast, the rifled cannon, 
and all the other great inventions which 
have changed the whole aspect of life, 
were then unknown, and even the most 
imperfect development of them was more 
striking and revolutionary than the later 
and really more valuable refinements 
of the same inventions. And it does not 
follow that less useful work is wanted or 
likely to be done now. On the contrary, 
the improvements in steam power, for 
instance, likely to be developed during the 
next hundred years, will have a greater 
money value than all that has preceded— 
perfect as the steam engine is to-day. 
The old inventors were called upon to 
discover and open the doors of Nature’s 
storehouse; the later inventors are called 
upon to bring out and set in order her 
wonderful secrets. 
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HIRTY-FEET Fan—Improven Con- 

struction.—The centrifugal ventilating 
fan of M. Guibal, a Belgian engineer, has 
given good ~esults after a prolonged trial 
in the mines of the continent, and is now 
introduced in England. It had previously 
been thought advantageous to allow the 
air to escape from the vanes of an ex- 
hausting fan as freely as possible—hence 
the univeral system of discharging round 
the whole circumference. After much 
careful study M. Guibal found it better 
to enclose his exhausting ventilator in a 
casing, allowing the escape of air at one 
point only; and it was equally in accord- 
ance with mathematical principles that 
the adoption of this casing was followed 
by the use of the peculiar chimney and 
sliding shutter, which are important feat- 
ures in this system. 

The objections generally brought against 
centrifugal ventilators were—lIst, the high 
speed, and consequently heavy wear and 
tear and liability to breakages; 2d, the 
comparatively small depression obtained, 
and the loss of useful effect by re-entries 
of air—rendered greater as the depression 
increased; 3d, the low percentage of use- 
ful effect, which even with the best known 


system abroad did not exceed 25 per cent. 

The first objection has been overcome 
by increasing the diameter of the venti- 
lators, originally about 6 feet, and mak- 
ing 400 or 500 revolutions per minute, 
to 30 feet; and they are intended to be 
40 feet diameter, making 60 to 80 revo- 


lutions per minute. The second objec- 
tion has been met by enclosing the venti- 
lator in a casing, the only inlet of air 
being from the mine into the centre open- 
ing, and by the chimney, which is specially 
constructed on the expanding principle, 
and utilizes a certain amount of the 
power which would otherwjse be carried 
away by the air entering its base at the 
high velocity which it has on leaving the 
blades of the fan. The result of experi- 
ment proves that a depression greater 
than that due to the velocity of the tip 
of the blade is obtained from the Guibal 
ventilator; this is due to the joint action 
of the “Evasée” chimney. In other cen- 
trifugal ventilators the depression ob- 
tained has been less than that due to the 
velocity. The third objection no longer 
holds when such a result as 60 per cent. 
to 70 per cent. of the steam power applied 
is utilized. 





A fan 30 feet diameter by 10 feet wide 
is driven by a direct acting single engine 
with cylinder 24 inches diameter and 24 
inches stroke. Fans of these dimensions 
are now giving at 60 revolutions per min- 
ute, a volume of 100,000 cubic feet per 
minute, with a depression of 2.5 inches.— 
The Engineer. 





IN-LINED Leap Pires.—Messrs. 
Broadnax & Co., in New York, and M. 
Hamon, in France, are manufacturing tin- 
lined pipe in large quantities, and, whilst 
the inner surface insures a perfect free- 
dom from all the deleterious consequen- 
ces arising from the use of water brought 
into contact with lead, the increased 
strength obtained from the superior tena- 
city of the tin enables the section to be 
reduced and the pipes to be manufactured 
at the same prices as ordinary lead tubing. 
The operation in the American pro- 
cess consists in casting a conical in- 
got of pure tin, which is then bored out 
to fit a mandril, the size of which corre- 
sponds with the diameter of the pipe to 
be produced. This ingot, after being 
turned down in a lathe, placed in a re- 
frigerator, and reduced to a temperature 
of 12°, is set upon the mandril, which is 
fitted into the ram of an hydraulic press, 
and exactly in the centre of a circular 
mould, into which lead is poured from 
adjoining furnaces, placed on each side 
of the hydraulic press. The mould is 
placed within a casing kept heated toa 
temperature of 267°, to prevent the lead 
from chilling and parting from the mould. 
As the tin has been reduced to a temper- 
ature of 12° above zero, it resists the 
superior heat of the melted lead, and 
only begins to change form as the former 
ishardening. A perfect junction between 
the two metals is thus effected without so 
much fusion of the tin as would destroy 
the continuity of the lining when the pipe 
is drawn out. When the ingot is cold the 
descending ram forces it through a die, 
forming a continuous pipe, with a tin 
lining, the thickness of which depends 
upon the size of the central ingot. 

The process of M. Hamon closely re- 
sembles the America one just described. 
In preparing his ingot, the inventor casts 
an annular bloc’: of lead, and placing 
within the central space a hollow mandril 
of a less diameter than that of the hole in 
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the ingot, fills it with tin, which he runs 
in from the bottom of the ingot, through 
the hollow mandril. The compressing 
rocess is in all practical details identical 
in each case, the main difference consist- 
ing in the addition of an auxiliary 
hydraulic cylinder for raising the cast- 
iron block containing the matrix, through 
which the pipe is forced.— Engineering. 





TILIZATION or Serwace.—One of 
the greatest sources of waste in all 
American and most foreign cities, is the 
throwing away of the valuable fertil- 
izing elements in the sewage. In China, 
that semi-barbaric, but exceedingly wise 
old land, the inhabitants of cities are 
obliged by law and custom to return all 
fecal matter to the country, where it may 
be restored to the soil, from which it came 
in the shape of vegetable and animal 
food. But the fluid matter is not avail- 
able for manurial use, and the solid mat- 
ter is difficult of separation, except through 
the tedious process of evaporation. A 
compound (of animal charcoal, blood, 
clay, alum, and some other things) has 
recently been patented in England, by 
which the solid material may be instantly 
precipitated in a coalescent mass, which is 
easily and quickly driedfor manure. Some 
enterprising “contractor” could make any 
number of fortunes by getting hold of 
such an effective process. The refructifi- 
cation of soils is getting to be an import- 
ant question along the Atlantic States.— 
N. Y. Times. 

Another process, patented by Mr. C. G. 
Lenk, of Dresden, is a peculiar prepara- 
tion of alum. In a recent experiment at 
Tottenham (Eng.), 26,000 gallons of sew- 
age were discharged into the tank, and 
into this were gradually poured about 60 
— of “Lenk’s Patent Essence.” At 

st the smell was most offensive, and 

‘nearly intolerable, but as the chemical 
preparation mixed with the liquid the 
odor perceptibly decreased. After some 
time a remarkable change was visible in 
the contents of the tank. The solid sub- 
stances were precipitated to the bottom, 
the water on the surface became gradually 
clear, and at the end of an hour it was 
found to be not only transparent, but al- 
most clear, by contrast with its condition 
when discharged from the sewer.—Ar- 
tisan. 





MPROVED Merson or Testtnc Lance 

Pires.—An apparatus for testing pipes 
and open-ended castings has been de- 
signed and recently patented by Mr. 
Henry Cochrane, of Middlesborough-on- 
Tees. In testing pipes by water pressure, 
the usual practice hes been to close the 
ends by caps or bonnets, and then to 
force in water until the pipe was com- 
pletely filled; but in the case of pipes of 
large size this system is open to two ob- 
jections, the first being that, as the end 
caps are subjected to an enormous press- 
ure, they require very strong, and con- 
sequently expensive fastenings to hold 
them securely; and the second being that 
a waste both of time and of water is occa- 
sioned by its being necessary to fill the 
entire capacity of the pipe. Mr. Coch- 
rane overcomes these objections by plac- 
ing a core, slightly less in diameter than 
the bore, within the pipe, and then pump- 
ing the water into the small annular space 
between this core and the pipe itself. By 
this arrangement, not only is the quan- 
tity of water which it is necessary to 
force in very greatly reduced, but the 
end caps are also relieved to a corre- 
sponding extent of the pressure to which, 
under the ordinary system, they would 
be subjected. 

This apparatus is illustrated in “En- 
gineering,” October 2, 1868. The pipe is 
run over the core on a carriage, and the 
joints are stopped at both ends by screw- 
ing @ cap upon one end. 





ORKING tue 12-ron Guy.—Let us 

now stand for a short time upon the 
Seawall Battery at Shoeburyness, and 
watch the Royal Artillery officer and his 
“detachment” of 13 men work the 12- 
ton 9-inch gun. The object they have 
in view is to fire as rapidly as possible, 
consistently with taking a steady aim, at 
a target of only 5 feet square, moving 
across the range at 1,000 yards distance. 
By this means it may be ascertained how 
often the gun can be discharged at a ves- 
sel which the gunners are able to keep 
under fire while she passes along a dis- 
tance of 750 yards, at 1,000 yards dis- 
tance. The gun is mounted upon a 
wrought-iron carriage with slides, the 
whole being traversed upon racers. In 1 
minute and 17 seconds after the first 


round the gun is again loaded, laid, and 





i. a ee eee ee ee ee ee i a 


efeooeot 5,54 4'4 Le! 


VAN NOSTRAND'S ENGINEERING MAGAZINE. 


45 





discharged. The third round, at the same 
interval of time, strikes the target, 
which is then moving at the rate of 3} 
miles an hour. In 4 minutes 52 sec- 
onds 5 rounds have been fired. The 
speed of the target is now increased from 
7 to 8 miles an hour, and in 3 min- 
utes 22 seconds 5 more rounds are 
expended, the fourth shot hitting the tar- 
get. The general result is that the gun- 
ners would have placed all their ten 250- 
pound shells in a small gunboat, or even 
in a man-of-war’s launch, in 8 minutes 
and 14 seconds.—*‘ Our Heavy Guns,” 
in Macmiillan’s Magazine. 





ESISTANCE or Surrs pvr TO THEIR 
Depra— InrormaTION WANTED.—In a 
paper before the Institute of Naval Archi- 
tects, Professor Rankine stated that every 
ship is probably accompanied by waves 
whose natural speed depends on the verti- 
cal depth to which she disturbs the water; 
and that consequently where the speed of 
the ship exceeds that natural speed, there 
is probably an additional term of resist- 
ance depending on such excess. In a la- 
ter paper before the British Association, 
he gives some observations that prove the 
existence of waves whose speed of advance 
depends on the depth to which the vessel 
disturbs the water. The relation between 
those waves and the resistance, remains 
a subject for future investigation; but to 
facilitate that investigation, he calls for 
farther observations, such as the measure- 
ment of the angles of divergence of the 
wave ridges raised by various vessels at 
different speeds, and the determination 
of the figures of those ridges—also the 
mean depth of immersion as found by di- 
viding the volume of displacement by the 
area of the plane of flotation, and that not 
only for the whole ship, but for her fore 
and after bodies separately. 





{IRE Protection anp Water Suppry.— 
The system of Mr. B. Holly, of Lock- 
vort, in use in Auburn and other cities, 
consists in forcing water through the pipes 
of a city by powerful pumps, instead of 
drawing it from reservoirs, and also in 
the use of a “water telegraph” to indi- 
cate where and when the supply is want- 
ed. The system is very fully discussed in 
the “Iron Age” of October 15. 





HE Etecrric Liest—Berlioz clectric 

light, used (and exhibited in New 
York) on the steamers of the General 
Transatlantic Company, is said to pene- 
trate the densest fog and darkness, and 
to be of great value not only on deck, but 
in the streets of cities. This light is pro- 
duced by the burning of carbon pencils 
in currents of electricity. The latter are 
furnished without the tse of batteries 
by an apparatus consisting of 40 series 
of horse-shoe magnets set in a circular 
frame, within which is an axis bearing 
64 reels of copper wire, and revolvin 
before the magnets at the rate of 30 
turns a minute. A double current of 
electricity is thus induced in the copper 
wires, the one direct as they approach 
the poles, the other reversed after they 
have passed them. No device for break- 
ing the current is used, as it is found that, 
though the current is interrupted at each 
reversion, the light is not perceptibly 
affected unless the interruption exceeds 
one-twentieth of a second. 

The magnetic apparatus is about 4 feet 
6 inches square; it stands in the engine 
room of the St. Laurent, and is driven by 
a donkey engine of 1 or 2 horse-power. 
The electricity is conveyed to the lantern 
by wires. The cost of the light is about 
12 cents an hour; the same amount of 
light by gas would cost 2 dollars. The 
light is displayed through a Foucault lens, 
which can be turned by hand in any di- 
rection, placed on the bridge above the 
deck. 

Some interesting experiments have late- 
ly taken place in France on board the 
armor-clad ship “Heroine,” and also on 
board the yacht “Prince Jerome,” upon 
the use of the electric light for signalling 
purposes. The power of the light obtain- 
ed was equal to 200 Carcel burners—the 
Carcel being equal to 8 candles; it there- 
fore follows that the electric light possess- 
ed a brilliancy equal to 1,600 candles! 
In the direct line of the light it was stated 
as possible to read at the distance of 1,400 
metres (1,531 yards) an ordinary news- 
paper. It was found that signalling by 
means of short and long flashes was the 
most easily to be carried out. The com- 
missioners on the subject report, “The 
apparatus experimented upon shows a 
very powerful focus of light, perfectly 
suited to night signalling, or for throwing 
light over a coast or a ship. It can be 
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considered as a veritable floating light, 
and would then be most useful on board 
the flagship of a commander-in-chief.” 
Of the peculiar value of this light and its 
intense illuminating power, it is stated 
that the yacht “Prince Jerome,” fitted 
with it, was enabled to steam by night 
through the intricate navigation of the 
Bosphorus, when the yacht belonging to 
the Viceroy of Egypt was obliged to wait 
until daylight. 


THE ST. LOUIS BRIDGE. 


The arches of the bridge commenced 
by Captain Eads over the Mississippi at 
St. Louis, are thus commented upon in 
“ Engineering.” 

In one respect the Mississippi bridge 
differs essentially from the ordinary run 
of arched bridges. Usually the spandril 
filling, even if arranged vertically only, 
possesses sufficient inherent stiffness, by 
virtue of the rigidity of its connections 
with the arched rib and horizontal girder, 
to assist materially in preventing any dis- 
tortion of that member when under strain. 

In the instance of the Mississippi bridge 
the spandril verticals are positively hing- 
ed, so that not the slightest incidental 
support is afforded by them to the arched 
rib, the stability of which is, consequently, 
since there is no horizontal girder, gov- 
erned entirely by the self-contained diag- 
onal bracing. 

In fact, the essential part of the bridge 
is a curved rectangular beam, 8 feet by 
44 feet, the former dimension being the 
vertical depth of the bracing, and the 
other one the distance apart of the face 
ribs, which are firmly tied together by 
horizontal bracing. There can be no 
question as to the lateral stability of the 
structure, but the depth of vertical brac- 
ing is so small in comparison to the span— 
8 feet to 515 feet—that it is absolutely 
necessary to consider the question of 
stability in that direction. Now, there 
must obviously be some limit below which 
the depth of the arched rib could not be 
reduced, even if the load were always uni- 
formly distributed, and the mathematical 
position of the centre of pressure corre- 
sponded with the centre line of the rib. 
Thus, if the rib were but 6 inches deep, 
it could no more maintain its form, for an 
instant, than it would if built of ropes. 
Why a depth of 8 feet should be assumed, 





as it is in the calculations, to afford per- 
fect immunity from all disturbing forces, 
we are at a loss to guess. 

It appears to us that an arched rib, per 
se, is neither more nor less than a long 
column, and that it should, consequently, 
be treated as such. In a long column of 
uniform cross section, subject to two equal 
and opposite end forces acting at the cen- 
tre of gravity of the cross section, the unit 
strain would, mathematically, be uniform 
throughout the entire column. Experi+ 
ment proves, however, that in conse- 
quence of variations in the elasticity of 
the material the strain is in reality very 
unequally distributed over the cross 
sections; so much so, that in columns of 
certain length positive tension is induced 
by a compressive force. Now, how it is 
that in calculations concerning arched 
ribs, or, in other words, curved columns, 
the unit strain should be assumed uniform 
if the mathematical position of the centre 
of pressure at any point corresponds with 
that of the centre of gravity of the cross 
section at the same point, whilst in a 
straight column, under similar conditions, 
it is shown by experiment to differ so 
widely from it, is not to us apparent. 

In the Mississippi bridge, the least 
dimension of the column is about ;;th of 
the length; but on account of the curva- 
ture of that member, it is in effect, to a 
certain extent, supported at the centre of 
its length; hence the equivalent ratio will 
be greater than the preceding fraction. 
We have not investigated the question 
minutely, but theory appears to indi- 
cate that the equivalent ratio would be 
ds X /2=a;th of the length. If this be 
so, the elastic resistance of the steel to 
be employed in the bridge should have 
been deduced from that of a bar 45 inches 
long by 1 inch diameter, instead of fram 
that of a bar 12 inches long only, as 
appears to have been done. In no in- 
stance do we remember the breaking 
strain of either a solid or hollow column 
being greater than 12} tons per square 
inch, or about one-half only the resistance 
a@ short column of the same material 
would offer. In a steel column the loss 
of resistance would probably be smaller 
in proportion, but it would unquestiona- 
bly be far too serious in amount to be 
neglected in the computations of the 
strength of Mississippi bridge. We do 
not mean to assert that, even if the maxi- 
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mum strain were 25 per cent. greater than 
stated in the report, the bridge would not 
still be perfectly safe and serviceable; but, 
at the same time, we cannot account for the 
omission of this important element in 
calculations so refined as those instituted 
for the determination of the strains on 
that structure. 

We cannot endorse all the statements 
advanced in the report as to the superior 
economy of employing iron or steel in 
compression. In fact, if the reasoning 
were sound, it would follow that the re- 
sistance of a cylindrical boiler flue to 


collapse would be greater than its resist- ' 


ance to a bursting pressure. It is well 
known, however, that even an approxima- 
tion to this condition would, in practice, 
be attended with fatal results. The radius 
of the arched rib of the bridge we are 
considering is about 84 times its depth, 
so, within certain limits, it may be con- 
sidered as placed under similar conditions 
to a cylindrical flue 7 feet diameter, con- 
structed of 4 inch steel plates, and sub- 
ject to external pressure. The increased 


resistance which such a tube would offer, 
if properly stiffened by diaphragms, is 


well known to practical men, and precisely 
analogous support would be afforded to 
the arched rib if the spandrils were prop- 


erly braced. Neglecting the element of! 


the long column, the present arrange- 
ments would probably be the most econo- 
mical; but if we include that in the con- 
sideration, it will be found that the 
increased strains from expansion, con- 
traction, and deflection, due to the brac- 
ing of the sandrils, will be more than 
counterbalanced by the increased resist- 
ance the arched rib could offer to com- 
pressive strains, whilst, at the same time, 
the structure would be far less liable to 
vibration. 

In illustrating the bridge, “ Engineer- 
ing” adds the following comments: We 
think a glance at the engravings will con- 
vince most English engineers that the 


question raised by us, as to the vertical | 


stiffness of the bridge, was not without 
good reason. 
bracing is so considerable in comparison 


concluded the greatest disturbing force 
was to act in a horizontal plane, whereas, 





The mass of horizontal | 


force operating in that direction could 
never amount to a tithe of the vertical 
disturbing force induced by the passage 
of a heavy rolling load over the bridge. In 
fact, as designed, we think the St. Louis 
Bridge would hardly prove less lively 
than several existing suspension bridges. 





CHEMICAL PREPARATION OF PAINT. 


Building News. 


It has been proved that the different 
paints employed in the decoration and 
preservation of timber, iron, and other 
constructive materials, are not simple me- 
chanical mixtures of oil and mineral sub- 
stances but true chemical compounds, and 
endowed with that closeness and intimacy 
of union that invariably attends similar 
combinations. 

Recently, the French navy has ordered 
a new process of preparing paints, to be 
examined and reported upon by a special 
commission. By proceeding upon a chem- 
ical rather than a mechanical principle, 
it is stated that paints may be manufac- 
tured in any quantities in a very short 
space of time, and in a simple and eco- 
nomical manner, which would dispense 
with the greater portion of the heavy and 
expensive machinery at present required. 
Any one may satisfy himself of the funda- 
mental principle upon which this new 
process is based. Make a small cake, of 
a very fluid constituency, with some water 
and a certain proportion of any of the fol- 
lowing ingredients:—White zine, minium, 
or lamp black. Add to this cake a quan- 
tity of linseed oil; if zinc be used the 
proportion of oil will be 32 parts to 100, 
if minium only 5}, and for lampblack 110 
parts will be required to 100 of that sub- 
stance. The mixture should be well 
stirred, and after a few minutes the oil 
will be found to be chemically united with 
the mineral substance, and the water to 
have separated and floating upon the sur- 
face. This circumstance is manifestly 
due to the principle of “elective affinity,” 
by virtue of which the mineral substance 
leaves the water and unites itself to the 


oil. The water having been drawn off, 
with that available for the prevention of the cake is then consolidated and pressed 
distortion of the arched rib in a vertical something after the manner in which 
plane, that at first sight it might be fairly | butter is made. The process can only ba 


| 


applied to certain mineral substances, 
among which are those principally used 


as a matter of fact, we well know the in the manufacture of oil paints. 
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The following is an outline of the pro- 
posed mannfacture: The color or mine- 
ral substance after being finely powdered, 
is mixed with a large quantity of water, 
and then passed through a fine sieve or 
strainer of silk. The small residue can be 
repulverized in a mortar and ultimately 
utilized. The chief advantage claimed 
for the sieve is that it arrests many foreign 
substances. This is not completely ac- 
complished by the cylinders used in the 
ordinary manufacture of paints. The 
foreign particles are cut up very small, 
but they are not crushed; after a short 
time blisters rise to the surface, occasion- 
ing much damage to the appearance of 
the work. The mixture, after passing 
through the strainer, is deposited in a 
tank, where it may remain, if desirable, 
for some months. After drawing-off the 
greater part of the water, the proper pro- 
portion of oil is added, and the mixture 
thoroughly agitated. The result is that 
the cake commences to form, and is pre- 
cipitated to the bottom of the receptacle. 
It is then pressed to drive out the re- 
mainder of the water, and although a very 
little may permanently remain, yet it will 
not affect the value of the paint or injure 
its application. 

The successive steps may be summed 
up as follows:—The action of the water 
facilitates the minute division of the mine- 
ral substance or coloring matter; that of 
the strainer arrests all impurities, while 
the extreme degree of division to which 
the mineral has been brought favors its 
ultimate combination and chemical union 
with the oil. By virtue of its specific 
gravity the newly formed pigment, insol- 
uble in water, separates spontaneously. 





HE Propvuction or Corron Szep On. 
1 The cotton seed in its ordinary con- 
dition weighs about 33 pounds per bushel, 
of which about one-half is oil-yielding 
kernel, and the rest husk or hull, the lat- 
ter being covered with a short woolly 
coat of fibres or filaments. In the usual 
method of extracting the oil this hull is 
removed by machinery, and the oil is ex- 
pressed from the kernels by subjecting 
the same to great pressure after being 
ground, about 60 gallons of oil being ob- 
tained from a ton of the hulled seed. The 
oil weighs about 8 pounds to the gallon, 
and may be used not only in the manu- 





facture of soap, but for grinding paints, 
and, when of first quality and properly 
refined, as a table oil in the place of that 
obtained from olives. One reason why 
this branch of production has not thriven 
better may, perhaps, be found in the em- 
ployment of costly machinery, which not 
only involves a large original outlay of 
capital, but necessitates the consumption 
of all the seed of a large neighborhood in 
order to keep the apparatus constantly, 
and thus profitably employed, while the 
most available method would appear to 
involve the use of cheap and easily-oper- 
ated machinery. This would enable each 
proprietor to extract the oil from the seed 
at such times and under such circum- 
stances as might be the most convenient, 
and to employ the cotton seed as manure 
to nearly the same extent as if the crude 
seed were buried in the earth, inasmuch 
as the oil is simply a hydro-carbon, worth 
comparatively little as a fertilizer, while 
the pomace or oil-cake, containing the 
mineral matter and substances capable of 
generating ammonia, could be used for 
manurial purposes. 

The “American Artisan” calls the at- 
tention of inventors to this subject, and 
indicates the direction of improvement. 





THE HYDRAULIC RAM. 


Condensed from the American Artisan, 


This machine, a well-known invention 
of Montgolfier, is used where a consider- 
able flow of water with a moderate fall is 
available to raise a small portion of that 
= to a height exceeding that of the 

A dam is erected across a stream 80 ag 
to form a pond. From the lower part of 
the pond runs the supply-pipe, near the 
end of which is a waste-valve chamber, in 
the top of which is a conical waste valve 
which opens downwards, and which is 
large enough to pass the flow of the sup- 
ply-pipe. At the end of the supply-pipe 
there is a conical valve opening upwards 
into an air-chamber, from the bottom of 
which the discharge-pipe rises. There is 
a valve on the top of this chamber which 
opens inwards, and admits a small quan- 
tity of air, to supply any loss caused by 
its diffusion in the water. 

The following is the operation:—Sup- 
pose the waste valve to have been shut by 
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pressure from within the supply-pipe,and/ = ECONOMY OF CLOTHING BOILERS. 
to fall suddenly open, owing to the : 
minution of that pressure. The water| The following are the results of some 
then begins to flow from the reservoir | @xperiments recently conducted at the 
through the supply-pipe and out at the Newport Ironworks, Middlesborough-on- 
waste valve, with a gradually increasing | Tees, to test the value of a good lagging 
velocity. The weight and the load of the | —Jones’s non-conducting cement. The 
waste valve are so adjusted that the im-| boiler (vertical) was connected with a 
ulse of the current in the supply-pipe puddling furnace, and was not protected 
upon it with the maximum velocity, causes by a roof. It was worked at 50 pounds 
it suddenly to shut. Thus the flow of Per Square inch, and in the second experi- 
water through the supply-pipe would be | ment the whole of the shell, an area of 
instantly checked, if it were not for the about 280 square feet, was coated with 
instant opening of the valve at the end of | the composition. During the experiments 


th ly-pipe into the air-chamber, | the weather was fine and warm, and the 
alt t P momentum of ‘coal used, the iron produced, the time of 


the water. 
When the pressure in the air-chamber is ‘the experiments, and all the other circum- 
equal to the pressure in the supply-pipe, | Stances, were exactly similar in the two 
the valve between the two vessels is closed cases. A water meter was attached to 
by gravity. 

the air-chamber, and for a short time | amount of water evaporated with and 
after the closing of the valve, the water is | without the covering. ‘he results were 
forced up the discharge-pipe by its mo- , 9S follows: 
mentum and by the pressure of air in the 
air-chamber. As soon as the pressure 
within the supply-pipe is reduced by the 
stoppage of its flow into the air-chamber, 
the waste valve opens and permits the 
escape of some of the water in the supply- 
pipe, and remains so until the current is 
again strong enough in the supply-pipe | urday, 16,060 gallons. 

to close the waste valve and cause the; Total time, 126 hours=127.5 gallons= 
water to force itself again into the air- | 20.4 cubic feet per hour=5.6 cubic feet 
chamber and through the discharge-pipe per hour more than when the boiler was 


During the flow of water into | the feed-pipe, and this showed the exact 


Boiler not Covered. 
Total water vaporized per meter, Mon- 
day to Saturday, 11,690 gallons. 
Total time, 126 hours=927 gallons= 
14.8 cubic feet per hour. 
Boiler Covered. 
Total water vaporized Monday to Sat- 





to the desired elevation. | 

The following proportions for hydraulic 
rams have been found to answer in prac- 
tice:—Let h be the height above the pond 
to which a portion of the water is to be 
raised; H, the height of water in the pond | 
above the outlet of the waste valve; L, 
the. length of the supply-pipe, from the 
pond to the waste valve; D, its diameter; 
then H=h+-20; [—2.8 H=0.14h; D=H 
+-10=h—200. ‘ 

If Q be the whole supply of water in 
cubic feet per second, of which q is lifted 
to the height, h, above the pond, and Q—q 





uncovered, a difference which plainly 
shows the immense loss of heat under 
the latter circumstances. 

Experiments by Jacob Perkins long 


'ago proved that in case of pipes filled with 


steam at 100 pound per square inch, 100 
feet of surface exposed to the atmosphere 
are, under ordinary circumstances, suffi- 
cient to condense per hour the steam pro- 
duced by the vaporization of a cubic foot 
of water. 

Regarding this experiment “ Engineer- 
ing” says: “It will be seen that a square 
foot of ordinary heating surface has about 


runs to waste at the depth, H, below | one-fifth the heat-transmitting power ofa 
the pond; then the efficiency of the ram | square foot of freely exposed cooling sur- 
has been found by experience to have the | face; or supposing that in any given boiler 
following average value:—gXh--QX H= the areas of heating and cooling surface 
two-thirds nearly. are equal, the effect of the latter, if freely 
exposed, would be to reduce the evapora- 
tive efficiency of the boiler twenty per 
cent. 

The exposed surface of a boiler, or its 
cooling surface, in no way differs fromits 





HE Comstock lode in Nevada, valued 
_ now at $30,000,000, was sold by the 
discoverer for a horse. 
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heating surface; it is subject to the same 
laws, and, under similar circumstances, 
would produce similar effects. That a 
square foot of cooling surface withdraws 
from the contents of the boiler a less 
amount of heat than is imparted to them 
by an equal area of heating surface, is 
merely due to there being a less differ- 
ence between the temperature of the at- 
mosphere and that of the contents of the 
boiler, than there is between the latter 
and temperature of the gases in the flues. 
Other circumstances being equal, the 
transmitting power of any given area of 
boiler surface varies directly as the dif- 
ference in the temperature on the two 
sides of it, any increase in this difference 
enabling the surface to transmit a propor- 
tionately increased amount of heat in a 
given time. 





AN ACADEMY OF USEFUL SCIENCE. 


In these days of national institutes and 
guilds of letters, it is a little singular that 
the practical sciences to which this age, 
and this country especially, owe their pro- 
gress, should not be promoted and con- 
served by a national institution, not only 
respectable in names and talent, but pow- 
erful in wealth and numbers. 

It should seem that we do not know 
the foundations of our physical progress. 
Were a philosopher of a previous century 
to revisit the modernized earth, to observe 
the revolution in every mode and attribute 
of life—the dissolving and recomposing 
of materials, the utilization of natural 
forces, the wonders of chemistry, the feats 
ofengineering, the triumphs of machin- 
ery, the omnipresence of iron—were he to 
witness the grander features of modern 
science, the splendid works and enginery 
of transportation, transformation, and con- 
struction—the steamship, the locomotive, 
the telegraph, the iron bridge, the Besse- 
mer process, the machinery of agriculture, 
of water supply, of illumination, of weav- 
ing, of printing, of compounding, elimi- 
nating, and shaping materials for infinite 
uses, of turning power into infinite chan- 
nels, and the machinery that makes ma- 
chinery—were he then to study the mi- 
nuter and every-day relations of modern 
science tolife, to rest and motion, to pleas- 
ure and work, to living and dying, to the 
exercise of every sense and the utilization 
of every perception, till the surging masses 





around him should seem so many modern 
Centaurs—half man, half engine—were 
he then to contemplate the vast and com- 
plex organization of this modern life, its 
political and social bearings, and the ame- 
lioration of human fibre and force by in- 
animate substance and power—were this 
ancient philosopher to witness these mar- 
vellous things, his first thought would be 
of the great conservatory of their laws 
and literature—the modern Atheneum in 
which they are developed and organized, 
and he would turn to look upon the crown- 
ing wonder of them all. 

But he would look in vain. The greater 
wonder is that modern engineering, by 
which we mean, comprehensively, the 
science that utilizes the forces and mate- 
rials of nature, has so far advanced with- 
out organized association of ideas. Each 
individual or school has to a great extent 
begun at the bottom of the ladder. The 
hard-earned knowledge of one has been 
of limited benefit to the others. One is 
groping to-day for what has been the set- 
tled practice of another for years. How 
much labor and money have been misap- 
plied to the rediscovery of what was 
known, and only needed dissemination to 
have turned all this labor and money to a 
vaster unfolding of the unknown. How 
many seeds of splendid growth have 
brought forth common fruit because 
planted in uncultivated ground. How 
many mighty intellects and industries that 
could have reared the monuments of en- 
gineering to the skies, have passed away, 
leaving nothing but duplicates of their 
foundations. 

But, upon closer inquiry, we find that the 
present progress has been chiefly the de- 
velopment of what previous schools had 
left unfinished, and that professional lit- 
erature, institutions of learning, commis- 
sions, conservatories and museums, limit- 
ed, local, and inadequate as they have 
been, were the real organism of progress. 
To supply in some degree the knowledge 
of current facts and practice, each enter- 
prising individual and community of 
workers in engineering is sending its 
agents and commissions all over the 
world to find out the same thing, when 
the machinery of a common institution of 
engineering would send more and better 
knowledge not only to every scientist, but 
to every artisan. How vastly the safety 
and economy of railway transportation, 
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for instance, would be enhanced by the 
dissemination of facts. Each one of the 
ten thousand engineers engaged in its 
construction, maintenance, and improve- 
ment, is toiling after what some hundreds 
of them know. And no hundred private 
authors, investigators, and experimenters, 
can meet the demand for this knowledge. 
They all tread over the same ground—the 
sum of their results is overwhelmed in 
the volume of their concurrent testimony, 
and no individual practitioner has time to 
digest and utilize it. If thorough, it is 
limited; if comprehensive, it is incom- 
plete. Individual powers and fortunes 
are inadequate. Such investigations do 
not keep pace with improvement. The 
good practice of this year may be bad 
practice next year. The influence of 
knowledge thus acquired is local and 
limited. For these and other reasons it 
is not oly a minimum result at a.maxi- 
mum labor and cost, but it is not faith- 
fully and literally pursued nor intelli- 
gently followed. 

A great central guild of engineering 
would, at the cost of the present inde- 
pendent investigations, present to the 
world the latest facts briefly, completely, 
and authoritatively. Organized research 
would not go round in a circle. Each of 
its Commissioners and Boards would have 
its right line of investigation, its compil- 
ers would separate the wheat from the 
chaff, and its publications would be the 
text-books of the profession. Then would 
the thinkers and workers in the great arts 
of engineering widen the range, elevate 
the character, and magnify the usefulness 
of its results, and not merely multiply the 
proofs that these heights are attainable. 
—New York Times. 





\ ACHINE-MADE Warcues.—The 

American Watch Company employs 
over 600 operatives, and has made nearly 
half a million watches. The success and 
economy of the manufacture lies in the 
fact that everything is done, as far as pos- 
sible, by machinery. 





OOLLEN Manvractvre in THE West. 

There are at the present more than 

550 woollen mills in seven of the Western 

States, having altogether a capital of about 

$5,500,000. “Western wool is beginning to 
be consumed at home. 


MARINE BOILERS, 


As compared with ordinary land boilers, 
the modern marine boiler is a light and 
compact, if not remarkably strong struc- 
ture. But if we compare it with the 
locomotive boiler, it at once becomes a 
hulking, clumsy contrivance, to say the 
very best for it. Its weight, together with 
the water contained in it, will not fall 
much short of 5 ewt. for every cubic foot 
of water evaporated per hour, whereas 
one-third this weight answers in the loco- 
motive. 

When we consider how badly a thin 
and nearly square box—and the shells of 
nearly all marine boilers are little more 
than square boxes—is calculated to with- 
stand internal pressure, we perceive the 
first element of weakness and consequent 
weight. 

When, again, we perceive what a small 
proportion of tubular surface is presented 
in comparison with the extensive but in- 
differently effective vertical surfaces of half 
inch plates, and besides these the consid- 
erable surfaces under the ash-pit—gener- 
ating little or no steam—there is nothing 
to wonder at as to weight. Water bot- 
toms were absolutely necessary in wooden 
ships. Are they necessary or even desira- 
ble in iron ships? Locomotive boilers 
give a good rate of evaporation without 
them. Indeed, they have been tried on 
locomotives without the least advantage. 
And as for dividing the length of a boiler 
by means of 5, 6, or 7 water legs, into 
4, 5, or 6 separate and distinct furnaces, 
what is the good of it? Look at the 
weight of plates, the stay bolts, the angle 
iron or flanging, the hand holes and the 
cleaning—and all for what? No doubt 
the “legs” unite the furnace crowns with 
the water bottom, and if not so secured 
the latter would endeavor, and no doubt 
successfully, to straighten itself out, like 
the hollow spring of a Bourdon gauge, 
into a vertical line with the back of the 
boiler. Butif there was no water bot- 
tom there would be no straightening ten- 
dency of the kind; and even with a water 
bottom a water front, as in a locomotive 
firebox, would most effectually tie it to 
the crown plate, and, still more, very 
sensibly diminish the heat in the boiler 
room. As toa great flat crown plate 15 
feet by 7 feet, more or less, it would be 20 





more difficult tostay than the crown plates 
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5 feet by 4} feet of broad gauge locomo- 
tive fireboxes worked to 4 times the 
pressure per square inch. Nor would 
there be any difficulty in keeping the 
crown plate clean. The room now taken 
up by the “legs,” 6 inches or more each, 
would be occupied by 2 additional verti- 
cal rows of tubes of hardly one-fourth 
the thickness, yet presenting much more 
effective surface. But if the furnaces must 
be separated like pigeon holes, or little 
chaples of ease, make the legs a foot 
through and perforate them with 4-inch 
tubes. These would give much additional 
surface of the most valuable kind, and 
they need not interfere with proper 
cleaning. 

Marine boilers made with cast-iron 
ash-plates instead of water bottoms, and 
having no divisions between the furnaces, 
would weigh much less than at present, be 
much cheaper in first cost, and would pre- 
sent far more of the most effective heating 
surface, viz., of horizontal plate with the 
fire beneath it. The grate area would be 
enlarged, narrower air spaces would suf- 
fice, the draught would be better equal- 
ized, thinner fires maintained, and the 
* combustion chambers,” or space for the 
mixture of the gases with air, would be 
very much increased. 

All marine boiler tubes ought to taper, 
being smallest at the front or smoke-box 
door; but, unfortunately, if so made, 
they could not be set in the boiler, as 
there would be no room to enter them at 
or withdraw them from the rear end. 

It would be worth while to consider 
also whether some form of furnace like 
the Wilson furnace could not be adopted 
in connection with marine boilers. In 
this case, with boilers fired athwart ship, 
they could be brought very much closer 
together, and the boilers on both sides 
fed simultaneously from a raised stage, on 
which the men could stand with comfort. 
If such a furnace were found to answer 
it would require feeding only through a 
hopper, and no slicing of the fire, or 
dragging the grate bars from beneath, 
inasmuch as there are no bars, and none 
but absolutely incombustible refuse. 

The foregoing is from “Engineering.” 
“The Engineer ” objects to the locomotive 
boiler as difficult to place and work in a 
ship, and inconvenient to repair. It says: 
The more widely a boiler departs from 
the well-known return fire-tube or flue 





types, the more unsuitable has it proved 
itself for sea-going purposes, and there- 
fore only return-tube and flue boilers are 
now used in the best practice. Nor is it 
difficult to determine why such is the 
case. Good tubular marine boilers evap- 
orate as much water per pound of coal 
burned as any other boiler of similar 
dimensions that can be placed on board 
ship, while they last much longer and 
do their duty during their lifetime 
with more certainty than more complex 
arrangements. This may be all wrong 
in theory, but it 7s practice. The fact 
has been proved by over 20 years 
of experience. It is quite true that the 
marine boiler is not well calculated 
to carry high-pressure steam, but it is 
also true that boilers specially intended 
to carry high steam are unsuitable for 
use on board ship; nor has it been proved 
that peculiar advantages are to be derived 
from the use of very high pressures at 
sea. 

“The Engineer” objects to large crown 
sheets as difficult to stay, unprecedented, 
and difficult to keep covered with water. 
To which “Engineering” responds: The 
celebrated American river steamer New 
World had 2 boilers and only 4 furnaces. 
With a working pressure of 45 pounds 
per square inch, their nearly flat crown 
plates were each 10 feet 6 inches long, 
thus presenting a nearly flat surface of 
653 square feet, upon which the total 
steam pressure was nearly 200 tons, or 
800 tons for the 4 furnaces. The evapo- 
ration, as given in Mr. Bartol’s admirable 
work on marine boilers, was 7 pounds of 
water per pound of coal. The Isaac New- 
ton had 2 boilers worked to 35 pounds 
pressure, the 4 furnace crowns being each 
5 feet 9 inches wide and 9 feet 6 inches 
long, the length of grate being 7 feet. 
This vessel, with fan blast under the grate, 
burnt 50 pounds of anthracite per square 
foot per hour, with an evaporation of 6.2 
pounds water to the pound of coal. The 
America, a steamer on the Delaware, 
has a single boiler with but 2 furnaces, 
each fired through 2 doors, and each 
crown plate of the enormous width of 7 
feet 6 inches, and of the length (for a 7 
feet grate bar) of 28 feet, and the rate of 
evaporation at 25 pounds pressure, is given 
by Mr. Bartol as 7.82 pounds water to 
the pound of coal, 29} pounds of coal 
being burnt per square foot of grate per 
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hour. The 2 boilers of the Bay State, 
giving off steam of 25 pounds from sea 
water, and running daily for a considera- 
ble distance on the open Atlantic, have 4 
furnaces with flat crowns 5 feet 6 inches 
wide, and 10 feet 4 inches long, the rate 
of evaporation being 5.82 pounds water 
to the pound of anthracite, and the com- 
bustion of the latter 38 pounds per square 
foot of grate per hour. Furnace crowns 
from 4 feet to 5 feet wide, and worked 
under pressures of from 15 pounds to 35 
pounds, and under very rapid rates of 
combustion, are exceedingly common in 
American practice. In Weale’s “ Engi- 
neers’ Pocket Book” for 1847-48 is a draw- 
ing of a very successful boiler, in which 
the crown plate of the furnace, nearly flat, 
is 11 feet 6 inches wide and 9 feet 6 inches 
long. 

If we go from furnace crowns to grate 
areas we find, on looking at the boats of 
the western rivers of America, having 
their 6, 7, or 8 cylindrical boilers, exter- 
nally fired, and loaded from 90 pounds 
to 150 pounds per square inch, single 
grate areas, 4 feet long, fore and aft, and 
28 feet wide athwart ship, grates of 112 


square feet area and fired with 2 tons of 


coalperhour. The writer once construct- 
ed a number of locomotive engines to 
burn anthracite coal, and the firebox en- 
tirely behind the wheels, and spanning a 
6 feet gauge railway, was 7 feet 6 inches 
wide inside and 6 feet long in the direc- 
tion of the tubes, thus presenting the 
enormous area of 45 square feet. 
“Engineering” concludes that if the 
crown plate of a firebox were 10 miles 
square, there would be no difficulty what- 
ever, as long as the boiler was properly 
supplied with water, in keeping it covered. 





THE PRODUCTION OF OIL FROM COAL. 


When shale or coal is submitted to dis- 
tillatory treatment, the most volatile por- 
tions at first escape, leaving behind sub- 
stances of continually decreasing volatility. 
As the operation proceeds, and on an in- 
crease of temperature, these are evolved 
in a gaseous form unchanged, or resolved 
into more volatile matters and residual 
gy possessing a still greater fixity. 

ese products vary in nature with the 
temperature to which the coal is exposed, 
and when it is distilled at a red heat it 
yields a large quantity of gaseous and but 





a small amount of liquid hydrocarbons. 
The proportion of liquid products is much 
greater at a lower temperature. Coal-tar 
obtained from the distillation of coal 
contains various basic substances, includ- 
ing ammonia, aniline, diculine, chromo- 
line, pyridine, toluidine, and others pos- 
sessing less importance. The acids include 
acetic and rosalic, among others, but the 
principal acid is carbolic or phenic. 

The first products from the distillation 
of the tar are gases, then follow water 
and ammoniacal salts, with black oily 
matter. As the process continues, the 
proportion of watery products de- 
creases and that of oil increases. The 
products become heavier than water when 
from 5 per cent. to 10 per cent. of the 
original quantity has passed over in the 
form of light oil. It must be remembered 
that as the light oils disappear from the 
still, the remaining substances become 
more fixed, and 2 higher temperature is 
required for heavier oils. As the products 
increase in density, creosote, or “dead 
oil,” appears, naphthaline and other solid 
products then become abundant, and the 
oil assumes a viscid state; the final resi- 
due constitutes asphalte if the distillation 
be carried to a sufficient extent. 

The light oils on rectification can be 
made to produce a still greater portion 
of heavy oil and crude naphtha. The 
heavy oils contain a number of hydrocar- 
bons of high boiling point. If the crude 
naphtha be agitated, the supernatant 
liquid on rectification gives rise to highly 
rectified naphtha, containing at least 4 or 
5 oils, with specific gravities ranging from 
.860 to .890, and with boiling points from 
149° to 392° Fahr. The watery liquids 
produced in the condenser during the 
manufacture of gas are employed for the 
production of sulphate and chloride of 
ammonium by a process of concentrating, 
crystallizing, and sublimating the crystals. 

At the Ardsley Works, the retorts are 
50 in number, and of an ovalform. They 
are arranged in 2 sets of 25 each. Each 
retort weighs about 24 or 3 tons, and 
contains from 10 to 15 ewt. of coal. The 
crude oil from the retorts is pumped into 
the stills, 3 in number, each having a ca- 
pacity of 1,500 gallons. A small fire is 
placed under the stills, but the chief part 
of the heat is communicated to the body 
of the oil by means of superheated steam 
in a wrought-iron pipe entering the top 
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of the still and carried nearly to the 
bottom, where it forms a coil, which is 
erforated with small holes; steam is thus 
lown into the body of the oil. The 
amount of water introduced into the oil 
by the condensation of the steam is in- 
considerable, and is readily separated. 
The distilled oil is collected in a tank 
from a coil laid in a cistern of cold water 
in the usual way.—WMechanics’ Magazine. 





ANCIENT ROMAN MASONRY AND MORTAR. 


A paper on this subject, by Mr. Spiller, 
F.C.8., read before the last meeting of the 
British Association, says: A more than 
antiquarian interest attaches to the re- 
mains of Roman constructive works in 
England, as they appear to have with- 
stood the ravages of time better than the 
Norman and medieval monuments of a 
later period. The walls of the Castrum 
of Burgh, Suffolk, are of rubble masonry, 
6 feet thick, faced with flints and layers of 
red tiles. The stones are large, and the 


mortar reddened by pounded brick. Al- 
though the structure is estimated to be 


1,500 years old, one wall, with a gate in 
the centre, is still perfect throughout its 
length—650 feet. The following chemical 
points are discussed: 

1st. To what extent the hydrate of lime 
becomes recarbonated by exposure to air? 

2d. What is the physical candition of 
the carbonate so produced ? and 

3d. Whether in this long interval the 
silica and lime can directly unite with 
each other ? 

Different views on this subject have 
been advanced, the prevailing opinion un- 
doubtedly being that the lime never be- 
comes thoroughly recarbonated, but stops 
short at a point when a definite combina- 
tion of hydrate and carbonate of lime is 
formed; and, secondly, that lime is en- 
dowed with the power of attacking sand 
and other forms of insoluble silica by 
long contact at the common temperature. 

The conclusions of the author are, that 
the lime and carbonic acid are invariably 
united in monatomic proportions, as in 
the original limestone rock; and that there 
is no evidence of the hydrate of lime hav- 
ing at any time exerted a power of cor- 
roding the surfaces of sand, flint, pebbles, 
or even of burned clay, with which it 
must have been for lengthened periods in 
contact. Further, that the water origin- 





ally combined with the lime has been en- 
tirely eliminated during this process of 
recarbonation; and, this stage passed, the 
amorphous carbonate of lime seems to 
have become gradually transformed by 
the joint agency of water and carbonic 
acidinto more or less perfectly crystallized 
deposits or concretions, by virtue of which 
its binding properties must have been 
very considerably augmented. 

Analysis of the Roman mortar and of 
the red bricks, or tiles, gave the following 
results: 


Roman Mortar from S. E. Tower, Burgh. 


Soluble silica. 0.40 
Red brick with some unburnt clay 18.00 
Carbonate of lime 

Sulphate of lime 

Carbonate of magnesia. 

Chloride of sodium 

Magnetic oxide of iron 

Wood charcoal. 


Samples of Burgh Mortar. 
I Im iv. 


Sand and brick, with 


a little unburnt; 72.3 71.4 67.0 
cla 
Carbonate of lime, 
etc. (by difference) 27.7 286 33.0 
Samples II. and III. taken from the 
south wall. Specimen IV. from the north 
wall. 


Red Brick or Tile from 8. E. Tower, Burgh. 


Maenesia 
Oxide of manganese 





TEEL-HEADED Rans.—The Montour 
KO Iron Works at Danville, and Cooper 
and Hewitt at Trenton, are producing pud- 
dled steel-headed rails of good quality, 
and filling large orders. 





* Found, lime 14,5, carbonic acid 11.25 per cent. 
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[RON STEAMSHTPS AND HOW TO BUILD THEM. 


The days of wooden hulls and sailing 
vessels are numbered. The iron hull, 
roperly constructed, outlasts, perhaps, 
Ba a dozen wooden hulls—the first iron 
ships, if not running to-day, were only 
broken up because they were too old- 
fashioned. The iron hull greatly in- 
creases strength, durability, carrying 
room, and capacity for fine lines, heavy 
enginery, and consequent high speed, 
with a given displacement. And regu- 
larity of arrival and departure, and the 





consequent economical regulation of all 
associated business transactions, have 
rendered steamships preferable to sailing 
ships, even to carry coal, which of all 
freights can afford to wait. Wind costs 
nothing, but time is money, and steam 
and time, like power and heat, are con- 
vertible terms. Few if any sailing or 
wooden vessels are building in Great 
Britain, and our leading constructors and 
merchants admit that iron steamship 
building must be the leading feature in 
the resurrection of our ocean supremacy. 

The history of iron ship-building in 
Great Britain is full of instruction, and if 
our builders are wise, they will profit, not 
only by the mistakes, but by the talent 
and experience of European constructors. 
The early iron ships were well built, of 
plentiful and good material, but not with 
the greatest economy of it, and many of 
them are running to-day. Their wonder- 
ful endurance m sea-ways and on lea- 
shores is proverbial. Afterwards the busi- 
ness was overdone, just as locomotive 
building was in this country a few years 
ago, and as a result cheap and bad work; | 
Royal Charters and Connaughts were put 
afloat to the peril of money as well as life. 
And at last science came to the rescue; 
less material is so placed as to insure} 
greater strength, and people are begin- 
ning to pay good prices and to get good | 
work out of good ships. The successful 
transatlantic companies do not go to 
second-class builders; they cannot afford ; 
to run cheap ships. 

There are no second-class iron ship- 
builders in this country yet, and this is| 
the promising feature of the enterprise. | 
If our builders never turn out bad work, 





they and our merchants and the public 
will be vastly the gainers in the end. We 
can better postpone iron ship-building 


another decade than to lower the standard 
of American work. 

And still greater reforms and improve- 
ments must be introduced. Thick plates 
and costly material, piled into places 
where they cannot work, must be aban- 
doned. A rib placed where it can receive 
a maximum strain, costs no more than a 
rib placed where it is merely dead weight. 
A ship is primarily a beam. As a beam 
it receives every strain of the sea. Now, 
a bridge or any girder made up of a thin, 
light web, running from end to end, and 
great vertical parts without longitudinal 
connection, would hardly sustain itself. 
Yet a ship so constructed is expected to 
hold up the enormous weight of its un- 
supported ends every time they overhang 
the trough of the sea, and of its partially 
supported middle every time the ends are 
buried in the waves—a constant and 
powerful vertical and lateral strain upon 
every joint in the hull. The great strain 
on a ship is the perpetual pulling apart 
and shutting together of its bottom and 
deck in a longitudinal direction, and yet 
the greater number of iron ships have 
been built without sufficiently strong bot- 
toms and without any top strength ex- 
cept their sides. Many ships have first 
broken apart at the top sides and then 
gone to pieces. Heavy, continuous iron 
decks along the sides have partially reme- 
died this evil. But the grand reform in 
this direction is to make the frames, the 
ribs of the vessel, longitudinal instead of 
vertical. Now, they are chiefly studs 
upon which to nail the siding. By mak- 
ing them continuous from end to end, 
they perform every present function and 
add their enormous strength in the direc- 
tion of the greatest strain. Some genius 
has objected to the longitudinal rib sys- 
tem because the ribs of fishes are vertical. 
But while the rolling top of the sea forms 
a constantly varying support for a ship, a 
fish swims in a uniform medium that 
would not bend a reed—not on the water, 
but under it—and it has been observed 
that ships built like fishes have a ten- 
dency to do the same thing. 

If our iron ship-builders will place our 
superior iron only where it can work, so 
as to use less of it, they can at once and 
successfully compete with foreign build- 
ers in cost and quality, and so revive not 
only our workshops, but our merchant 
marine.—New York Times. 
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PRESERVING TIMBER, 


The chief cause of the decay of timber 
lies in the fermentation or decomposition 
of the albuminous matter contained 
therein. This matter may be neutralized 
by chemical agencies, as by the well- 
known processes of Burnettizing, Creosot- 
ing, etc., or it may be coagulated and 
destroyed by heat, which also hardens 
the wood. The charring plan is, however, 
for obvious reasons inapplicable for gene- 
ral use. The albumen may also be ex- 
pelled or nullified by thoroughly steam- 
ing the wood. 

Says the “ American Artisan”: Where 
time can be allowed therefor, it will be 
found quite efficacious, and more econom- 
ical, to saw the timber to sizes but little 
larger than those to which it is to be 
wrought, and then place it, for a few weeks 
or months, in a stream or pond, where 
the water will gradually dissolve and 
wash away the nitrogenized or albumin- 
ous substances. The wood must then be 
thoroughly dried slowly, as a too speedy 
expulsion of the moisture would be apt 
to induce checking; the ordinary method 
of piling the stuff is, however, sufficient, 
the pieces of timber being kept at slight 
distances from each by suitable interven- 
ing strips, and the whole, when possible, 
protected from the sun and from strong 
currents of air. Inasmuch as the mois- 
ture will pass off less readily as the pores 
at the surface of the wood become closed 
by drying, it is well to complete the sea- 
soning system by a process of kiln-drying, 
which at this stage will not check the 
timber. 

The method of creosoting timber, 
which was lately invented by Professor 
Seeley, of New York, consists of subject- 
ing the wood to be saturated to a tem- 
perature of about 230°, while in a bath 
of creosote oil, for a sufficient time to 
expel all the moisture, and to coagulate 
the albuminous matters of the wood. 
When the pores are thus freed from the 
water, anl contain only steam, a cold 
bath is substituted, so far as to reduce 
the temperature from 230° to 65° or 70°, 
by means of which change the steam in 
the pores of the wood is condensed, and 
a vacuum formed, into which the oil is 
forced by an atmospheric pressure. 

The process, says the “ Detroit Post,” 
has all the advantages of the method 





which has been in use in England and on 
the Continent for many years (and ex- 
perience has demostrated that creosoted 
timber is still sound after being in use 
more than 22 years), and is much more 
simple in its application, and conse- 
quently more economical and expedi- 
tious than the English process. 

Among the advantages claimed is the 
very important one that green wood can 
be treated as successfully as dry. The 
apparatus for creosoting, which has 
already been shipped to the Flats, and is 
now being erected on the dikes of the 
canal, was built in this city, and consists 
of a cylinder 45 feet long and 8 feet 
diameter, with a steam coil in the 
bottom and a movable head. The cylin- 
der rests upon substantial timbers, and 
when the head is removed the lumber is 
run into the tank upon trucks. In addi- 
tion, there are 2 receiving tanks for oil, 
each 15 feet in diameter and 6 feet high, 
with engine and boiler, connecting pipe, 
pumps, etc. 

It is expected that this process will be 
applied to the timber to be used in the 
government works about to be begun at 
Toledo. Mr. Pelton has also similar 
works now in successful operation at 
Chicago for treating railroad ties and 
dock timber. 

The Chicago, Burlington, and Quincy 
Railroad Company are preserving all their 
sleepers. They have at the Aurora shops 
a tank of boiler iron 10 feet square and 
7 feet deep. This is filled with ties 
and closed with a tight cover, when car- 
bolic acid sufficient to cover them is let 
in, and raised to a temperature of 245° 
by the application of steam. Here the 
ties remain for 30 hours, at the close of 
which they are thoroughly permeated 
with the carbolic acid and become as 
black as charcoal. 

As to the duration of creosoted sleepers, 
the “ Railway News” says : According to 
experiments and accurate records kept 
in Germany, sleepers of uncreosoted or 
natural oak last, upon the average, 
15 years. By creosoting or impregnat- 
ing them with other preserving substan- 
ces, they endure for upwards of 22 
years. From the same authority we 
learn that creosoted fir sleepers have a 
duration of about 13 years, while pine 
and beech will not last longer than 9. 
The lighter description of traffic prevail- 
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ing over the German lines, which have 
furnished the above results, is the real 
cause of the sleepers lasting so long. 
It is needless to remark that upon our 
heavily worked railways they do not 
enjoy so long a life, but succumb, in the 
majority of instances, to wear and tear 
in about half the time, and in many in- 
stances much sooner. 





LIQUID FUEL—DORSET?’S SYSTEM. 


RESULT OF EXPERIMENTS ON THE STEAMER 
RETRIEVER. 


This system of burning liquid fuel un- 
der boilers, says the “ Mechanics’ Maga- 
zine,” is extremely simple in its details; 
it consists of a generator, which is nothing 
more than a small portable vertical boiler, 
in which the creosote is vaporized under a 
pressure of from 35 pounds to 40 pounds 
(932°), the vapor being led through a 
pipe to the furnace of the steam boiler, 
under which it is burned in jets. 

In the trial of this system on the steam- 
er Retriever, of 90 nominal horse power 
and 500 tons burden, there were 2 of these 
generators, which were placed on the deck 
of the vessel against the boiler casing, the 
pipes being carried down from them to 
the boiler furnaces. The creosote is 
pumped into the generator, a shovelful 
of live coal is placed under it, and as 
soon as the vapor begins to distil over, 
it passes down a pipe into the fur- 
nace of the generator. There it issues 
from perforationsin the pipe, and contin- 
ues the duty commenced by the coal, 
and supplies the vapor to the boiler fur- 
nace. 


The adaptation of the coal furnace of the | 





forated bricks, which admit a certain supply 
of air, and at the inner end it is blocked 
up altogether, so that any air entering 
through the perforated bricks just men- 
tioned can only find its way into the fur- 
nace by rising through the perforations in 
the upper plate and through the inter- 
stices of the layer of bricks by which that 
plate is covered. The air passing in be- 
tween the lower plate and the bottom of 
the ash-pit is conducted right through 
into the return box for the supply of the 
jets of vapor placed there, and the amount 
thus admitted is regulated by closing the 
front of the opening to a greater or less 
extent. 

The branch pipe led into each furnace 
makes a single long convolution just 
above the layer of bricks already men- 
tioned, and then returns to the front of 
the boiler, and is connected to another 
pipe which is provided to discharge any 
creosote, etc., which may condense in the 
pipes. Each pipe is provided with inde- 
pendent inlet and discharge cocks. Each 
of the pipes in the furnace is pierced with 
4 holes rather more than 7, inch in 
diameter, and the pipe carried transverse- 
ly through the return box is pierced with 
8 similar holes, these being placed, 2 
opposite the end of each furnace, and 1 
over each of the water bridges between 
the furnaces. The boiler is thus heated 
by 20 jets altogether, of which the set of 
8 in the return box, or each set of 4in the 
furnaces, can be worked independently. 
When the vapor is first turned into the 
pipes a portion of itis of course condensed, 
and this portion is blown off through 
the discharge pipe already mentioned. 
As soon as the pipes become heated the 
discharge cock is closed, and it is after- 


Retriever to the purpose of burning liquid | wards only opened occasionally to get 
fuel was effected by removing the furnace rid of any liquid that may have accumu- 
bars and filling the ash-pit with two lay- | lated in the pipes. 
ers of perforated fire-bricks. The appara-| During the preliminary trip of the ves- 
tus is more fully described in “ Engineer-| sel, the steam was maintained at the 
ing” as follows: About 3 inches above the | usual working pressure, and it was stated 
floor of each ash-pitis placed an iron plate, | that the vessel made 1 knot more per hour 
which extends the full length of the fur- than she had been accustomed to make 
nace, and is curved slightly upwards at with coal. The consumption of creosote 
the inner end, where it projects into the | was between 35 and 40 gallons per hour, 
return box. At a distance of 3 inches as against 8 ewt. of coal, and considering 
above this plate is placed another shorter that the present price of creosote is only 
late, this latter being perforated, and about 1 penny per gallon, a great sav- 
eing covered with a layer of fire-bricks ing was apparent. 
placed loosely on it. Atthefrontendthe| The official report of Dr. Paul on a sub- 
space between the 2 plates isclosed by per- sequent trial trip, contains the following 
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facts: The duration of the trip was 4 
hours and 35 minutes. The oil weighed 
10.5 pounds per gallon; the weight of oil 
consumed was 2,416.4 pounds or 1.078 
tons, the average rate being 527.6 pounds 
(== 50.25 gallons) per hour. LExperi- 
ments on the rate of vaporization of 
water showed the rate to be 12.3 pounds 
heated from 60°, and converted into 
steam at 212° per pound of oil. During the 
trial very little smoke was produced, and 
during great part of the time none at all. 
The temperature of the furnace gas pass- 
ing into the funnel ranged from 250° to 
350° C. (= 482° to 662° Fahr.), or, on 
the average, about 572° Fahr., and, as the 
external atmospheric temperature was 
about 50° Fahr., the waste of heat in the 
discharge gases corresponded to an in- 
crease of temperature to 522° Fahr. 
above that of the air consumed in feeding 
the furnaces. 

For the purpose of arriving at some 
approximative estimate of the extent to 
which the result obtained in this practi- 
cal trial corresponds with the actual 
evaporative power of the material used, 
Dr. Paul calculated theoretically the 
amount of heat it is capable of generating, 
and the maximum effect to be expected 
from its application under the ordinary 
conditions obtaining in practice. So far 
as the chemical nature of dead oil is 
known, it is a mixture of several sub- 
stances—such as phenol and cressol, 
which contain, besides carbon and hydro- 
gen, some oxygen, together with a variety 
of hydrocarbons, such as naphthaline, 
xylol, cumol, cymol, and perhaps others. 
According to the chemical composition of 
these substances, and on the assumption 
that the combustible carbon and hydrogen 
they contain will generate when burnt 
with just sufficient air for perfect combus- 
tion, quantities of heat sufficient for con- 
verting respectively 11.359 pounds, and 
41.895 pounds of water at 60° into steam 
at 212° Fahr. for each pound of carbon 
or hydrogen burnt, when allowance is 
made for the heat rendered latent by the 
vaporization of the water resulting from 
the combustion of the hydrogen, and for 
the waste of heat due to the furnace gas 
being discharged at a temperature of 600° 
Fahr. above that of the air supplied to 
the furnace for combustion, the theoreti- 
calevaporative powers of these substances, 
and the evaporative duty they are capa- 





ble of effecting will be as follows for 1 
pound weighi of each: 


212° Fahr. 
Phenol... ....12.2437 
Cressol...... 13.0096 
Naphthaline. 15.4635 


The result thus arrived at on theoreti- 
cal grounds presents a very striking ap- 
proximation to that obtained on the 
practical trial on board the Retriever on 
October 23d, viz., 12.356 pounds for the 
evaporative duty, which is only .667 less 
than the maximum duty indicated by cal- 
culation. If it be correct to regard the 
composition of dead oil as represented 
above, this approximation between theo- 
retical and practical results would indi- 
cate that the application of liquid fuel, 
according to Messrs. Dorsett and Blythe’s 
system, insures not only a very perfect 
combustion of the oil, but also a very full 
utilization of the heat generated. The 
very small amount of smoke produced 
during the trial would involve some waste 
of heat, and would to some extent account 
for the difference between the two results; 
but it must be remembered that in the 
trial the average temperature of the fur- 
nace gas discharged into the funnel was 
only 572° Fahr., or 522° Fahr. above that 
of the air supply, while in the calculated 
result it is taken as being 600° Fahr. 
above the air supply; so that in the prac- 
tical trial there was a more efficient and 
economical application of the heat gener- 
ated than has been assumed in the calcu- 
lation. 

A still further economy of the heat 
generated might be effected by heating 
the air supplied to the furnaces by 
the waste heat passing away into the fun- 
nel, and it is probable that in this way the 
combustion might be regulated and ren- 
dered so perfect that there would not be 
any waste of heat arising from smoke. 
These considerations lead to and jus- 
tify the presumption that when the various 
appliances for burning liquid fuel accord- 
ing to this system shall have beet more 
thoroughly perfected and adapted to the 
conditions and requirements of steam 
navigation, an evaporative duty of 13 
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pounds per pound of oil burnt may be 
realized. 


But having regard only to the result 
actually obtained at present, it will be 
seen that the evaporative duty realized in 
the trial is about 100 per cent. greater 
than that ordinarily obtained with an 
equal weight of coal in steam vessels— 
that is to say, a duty of about 7 pounds 
per pound of coal consumed. Therefore 
the weight of oil required to fuel a vessel 
would be only one-half that required of 
coal, or the weight of fuel to be carried 
would be only one-half as much as when 
coal is used. Then taking the ton of coal 
as stowed on board a vessel to occupy 43 
cubic feet and the ton of oil as occupying 
34 cubic feet, the quantity of oil equiva- 
lent to 1 ton of coal, would occupy only 
17 cubic feet, so that the saving in stow- 
age space would amount to 60.4 per cent. 
of the space required for coal. 





CONSTRUCTION OF LOCOMOTIVES IN GER- 
MANY. 


BY M. S. STUTZ, C. E. 
Translated from “ Annales du Génie Civil.” 


From the date of the Universal Ex- 
hibition of 1855, where for the first time 
they saw German locomotives, the atten- 
tion of French engineers has been awak- 
ened and drawn towards a particular 
class of these engines. Since then the 
Germans have made further progress, as 
the Exhibition of 1867 has proved, in 
showing us a series of locomotives, the 
elegance and finish of which excited gen- 
eralremark. The general design of these 
machines has been sufficiently described 
by Mons. Jules Gaudry, engineer of the 
Eastern Railway, in the Studies in the Ex- 
hibition of 1867, where our readers can 
find full accounts of them. What we now 
propose to consider are certain new dis- 
positions and details, which constitute a 
real progress; and in this we shall avail 
ourselves of a report read by Mons. De 
Leoben, in a reunion of the engineers of 
the district of Stettin. 

The German engineers have labored to 
reduce the construction of locomotives to 
the utmost simplicity, especially the 
mechanism for the distribution of steam. 
From this has resulted a general disuse 
of separate expansion valves. On the 
other side, there has been a disposition 





to make new trials of balanced valves; 
the results of which appear very satis- 
factory. 

The application of the simple link of 
Stephenson has become general; except- 
ing some cases in which Allan’s straight 
link is used. But still the valve gear of 
Heusinger de Waldegg is often used. In 
this the link is worked on a fixed centre 
by one eccentric; and the lead is taken 
from the cross-head. The two first pro- 
duce by a single valve with sufficient lap, 
a variable expansion that is regarded as 
satisfactory. 

There is a tendency to substitute the 
screw for the simple reversing lever and 
catch-plate. A screw, one-half which is 
right and the other half left, is used. The 
right part works in a fixed nut, so that 
the screw advances as it turns; and the 
left part works in a nut to which the revers- 
ing rod is jointed, so that this nut travels 
twice as fast as it would if a single screw 
of the same pitch were used. Four turns 
of the screw are sufficient to reverse an 
ordinary engine. 

For feeding, the injector is more and 
more superseding pumps, even independ- 
ent steam pumps. Its advantages are 
that it works with certainty, and needs no 
repairs. Herr Krauss, constructor, of 
Munich, has reduced this instrument to 
extreme simplicity. The water flows in a 
straight line from the tank into the boiler. 
There is no movable cone to regulate the 
influx of water; nor is there any movable 
coned needle to regulate the admission of 
steam. The steam nozzle enters the 
water chamber, and bends into centre 
line at the point best for general work- 
ing, and thus the whole instrument is 
solid; all its parts are immovable, and 
there cannot be derangement from wear 
of packing, or other delicate and costly 
adjuncts of the original injector. It is 
screwed into the fire-box behind, and the 
water is spread around by the flat disc 
check valve inside, so that it does not 
flow against the fire-box plate. A cock 
close behind the water chamber shuts off 
and regulates the flow of water; and a 
stop valve at the boiler regulates the ad- 
mission of steam, and the instrument it- 
self is almost as simple as a cock. To 
start it the water cock is first opened, and 
then the steam is admitted gradually, 
after which the admission of water and 
steam can be regulated as required by the 
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cock and steam valve. But it will not 
draw up the water; the tank must be 
above the level of the injector, so that the 
water will flow in by gravitation. The 
usual place for the injector is under the 
foot-plate. 

It remains to observed that the modifi- 
cation of Herr Krauss permits of feed- 
ing with hot water, an advantage which 
the first injectors rendered impossible.* 

As to the boiler, the junction of the bar- 
rel with the fire-box shell, formerly made 
by an angle iron ring, is now made directly, 
as making the surest and tightest union. 
For this purpose the front plate of the 
fire-box shell is flanged to receive the bar- 
rel. The flanges are sharply turned. To 
provide ample steam room, and to facili- 
tate the cleaning of the crown sheet, the 
outer crown is raised 12 to 16 inches above 
the barrel. ‘ 

The pressure is generally 8} atmos- 
pheres, sometimes 10 atmospheres, on the 
gauge. It is subjected to severe super- 
vision, by the aid of special manometers 
which show exactly how high the pressure 
has been. The manometers are patented 


by Herr Sammann, an engineer of Bres- 


latt, and manufactured by Grutzmacher 
& Bock, of Magdebourg. 

In the construction of fireboxes only 
copper plates are now used. Iron fire- 
boxes are completely abandoned, on ac- 
count of numerous inconveniences they 
involve. These inconveniences, it was 
hoped, would be avoided by using cast- 
steel plates, which might bear the pressure | 
better; but the trials made have given 
results that are but little satisfactory. 
The inequality in the manufacture of 
these plates, which are too hard and brit- 
tle or.too soft, is, without doubt, the 
cause of this failure. But notwithstand- 
ing the ill success, several German and 
Austrian companies, for the sake of di- 
minishing the weight of their engines, 
persist in using cast-steel plates for the 
construction of boilers. 

The iron boilers are made of plates .45 
minimum and .62 inch maximum thick- 
ness; while the thickness of the cast-steel 
plates varies from .32 to .4 inch. For 





* Mr. James Millholland,8 years ago, patented a modification 
ofthe injector even simpler than this, It had no break or open- 
ing between the water jet and the throat, so that there could 
be no overflow when t»o0 much water or too little steam was 
admitted. An overflow cock between the throat and the 
check-valve was provided to start with, 








pressures above 8} atmospheres the 
lengthwise joints are double riveted. 

The staying of the firebox, especially 
the crown of it, merits the greatest atten- 
tion. Besides the ordinary stays of the 
crown, there are 4 rods which link toge- 
ther the front and back plates, and 8 long 
rods from the back ~late to the smoke- 
box plate. This mc:!. of staying has al- 
ways given perfect security, and never 
needed repairing. 

The use of hollow stays for the sides 
of the firebox has given excellent results, 
and is becoming general. The perfora- 
tion is an easy and sure means to detect 
the rupture of stays, and generally gives 
warning of decay before it results in rup- 
ture. To provide for cases of rupture, it 
is necessary to stop the holes at the inner 
ends, so that steam or water may not 
enter the firebox, and extinguish or slack- 
en the fire. 

In putting into practice this idea of per- 
forating the stays, some difficulties were 
met, consisting chiefly in the drilling of 
very small holes, .12 to .2 inches diame- 
ter, and the whole length of the stays: 
but an entirely satisfactory solution was 
found in a machine which drilled from 
the ends to the centre, thus shortening 
the drills, and also shortening the time 
necessary for the work. The stay is held 
in a hollow arbor between the two drills; 
the arbor turning 380 times per minute, 
while the drills turn in the opposite di- 
rection 680 times, making a total speed 
of 1,060 turns per minute for the drilling. 
With this machine a man drills 70 to 80 
stays per day. The machine consists of 
a lathe bed, on which the bearing of cen- 
tral arbor is fixed, and the two drilling 
arbors are made to traverse by a right- 
and-left screw. 

Another convenient tool is used to cut 
off the ends of the stays after they are 
screwed in. It has two cutting knives or 
chisels, one of them fixed, the other 
moved up to its work by a screw. A 
washer is put on the end of the stay, to 
determine the length; the tool is then put 
on, and pressed up to the washer; the 
screw is then turned by a hand-lever, and 
the cutters approach each other, cutting 
off the waste end. One man cuts with 
this tool more than 3 men can cut in the 
old way, and there is no blow or strain 
to injure the work. 

In the manufacture of tubes iron is 
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now much used. These tubes have thus 
far given good results. Their outside 
diameter is from 1.28 to 2.08 inches. The 
joints at the tube plates require always 
great care. Several trials of cast-steel 
tubes have given equally good results, 
and they allow a reduced thickness. 

The wheels are generally of wrought- 
iron, in one piece, with the boss and 
counterweight. The tires are of cast-steel. 
Notwithstanding several cases of rupture 
during the extreme colds of winter, the 
results of cast-steel tires, in durability 
and economy, leave little to be desired. 
The use of steel less hard and brittle, in 
cold climates, will certainly prevent rup- 
tures. 

The forges of Borsig, at Berlin, have ac- 
quired a high reputation in Germany for 
the manufacture of wrought-iron wheels. 
And so with the steel tires from the 
Works of Krupp, at Essen, which have 
furnished enormous quantities for all 
parts of the world. 

Dise wheels with circular corrugations 
are frequently used on tenders. They 
are of cast-steel, in one piece, tire includ- 
ed. They have certain advantages as 
They are 


compared with other wheels. 
made by the Company of Mines and Steels 
of Bochum in Westphalia. 

It is necessary to observe that these 
wheels, like those with steel tires, have 


inconveniences as wellas advantages. It 
is necessary to true the tires or rims that 
have lost their shape. To do this, instead 
of turning them, the Cologne and Minden 
Railway Company use grindstones. The 
wheels are put in a lathe, and made to 
turn slowly, about once per minute, while 
a grindstone turns against the rim about 
500 to 800 times per minute, according 
to its diameter: 500 turns for a diameter 
of 25 to 30 inches. The stones are coarse- 
grained, about 4 inches thick. They work 
best dry; but when used dry, it is neces- 
sary, for the health of the men, to use a 
fan to blow away the dust. 

The axles of the German engines are 
all of cast steel; so are the connecting- 
rods, and generally the coupling-rods, 
and also the other chief parts, as the 
engines of Borsig have shown us. Steel 
allows great reduction of dimensions, and 
the attainment of extreme lightness—an 
essential condition, especially for high- 
speed passenger engines. 

The pistons are of wrought-iron, 





forged on the Swedish system, often in 
one piece with the piston-rod. Two pack- 
ing rings are used, sometimes of cast- 
iron, sometimes bronze. A counter pis- 
ton-rod (contre-tige) is frequently used. 
These counter-rods are sometimes of 
cast-steel, and forged solid with the pis- 
ton. 

The speed of pistons varies between 
6.4 and 8.8 inches per second. Though 
this speed is far from the maximum, it is 
rarely exceeded up to this time. 

The question of the lubrication of 
valves, also of pistons, has much occupied 
engineers; and has been practically 
solved by the system of Kesler. This 
system, which works automatically, and 
very regularly, is applicable to many 
uses, and appears to save a third of the 
oil, while it insures abundant Ilubrica- 
tion. 

The diameter of steam cylinders is 
from 13 to 20 inches. The length of 
stroke is from 20 to 25 inches, and rarely 
attains to 28 inches. On these dimen- 
sions, that is, on the volume of steam 
used in a given time, depends the force 
of the engine. Very intimately connect- 
ed with the cylinders, relatively to the 
work to be done, or that which comes to 
the same thing, the quantity of steam to 
be used, is the heating surface which 
produces the steam. The surface is 
made as large as possible, and varies be- 
tween 914 and 1,882 square feet of which 
zs to 7; is fire box surface. 

The grate surface, generally arranged 
for common coal, is equal to from 7 
to ys of the heating surface. For wood 
the grate surface is still larger. 

Among the numerous inventions to 
burn smoke, that of Tembrink-Bonnet 
has had many applications; and has 
given good results, especially when the 
feed-water has been good. Thierry’s 
system has equally been applied. But no 
decision has been made, relative to the 
general application of these systems. 

A good disposition of the chimney, rel- 
ative to the draft, to stimulate the gen- 
eration of steam as much as possible, is 
very important. To this effect the sys- 
tem of Prussman, composed of two trun- 
cated cones united at their small ends, is 
frequently applied. This seems much 
like the blast pipes in many English en- 
gines. 

As to the weight on driving wheels, it 
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is admitted generally, for rails 5.2 inches 
high by 2.4 breadth of head, that 13 tons 
(13,000 kilog.) should be the maximum 
weight for axle; consequently the num- 
ber of coupled wheels, whether 4, 6, or 8, 
to utilize the weight for adhesion, consti- 
tute the foundation of the power of the 
engine; that is, they determine the loads 
that can be drawn up the grades that 
have to be surmounted. 

To couple more than 3 axles, or 6 
wheels, does not appear very practical, 
on account of the too many joints be- 
tween them, giving rise to complicated 
construction, and the liability to rapid 
wear on short curves. 

Some constructors have renewed the 
attempt to utilize the total weight of 
locomotives for adhesion; and with this 
view they have constructed engines with 
only two axles. In this plan there are 
great difficulties to be overcome, which 
will ever remain a serious obstacle, above 
all to freight engines, in which it is 
required to obtain a maximum of weight 
for adhesion. 

Tank engines do not appear to be eco- 
nomical, except for short lines, or for 
switching. The diminution of weight as 
the water and fuel are consumed renders 
them extremely defective for long lines. 

A system of construction of locomotives 
very frequently followed of late years, 
deserves to be mentioned here. We 
speak of the system of Hall, which is 
distinguished by putting the frame plates 
outside the wheels, instead of inside, as in 
usual practice. This disposition gives 
room for a wider firebox, and allows the 
boiler to hang lower, and to rest on a 
wider spring base than usual; the two 
last are important advantages, since they 
insure a steadier movement by avoiding 
lurches. 

Among the objections to this system, it 
is urged that the diameter of the axles 
must be augmented, and that the over- 
hanging ends have considerable weight, 
and that the axle-boxes are heavier, and 
that, as these parts act directly on the 
rails, without the intervention of springs, 
this increase of weight is the more 
injurious. Also the outside cranks, whose 
hubs, lessened in diameter, extend inward 
and serve as journals, offer difficulties; 
and. altogether, there is little confidence 
in the surety and solidity of the con- 
struction. But these inconveniences do 





not appear well founded beyond a certain 
point. 

As to the outside crank, the Universal 
Exhibition showed some modifications of 
it, by the Meyers, engineers of Mulhouse, 
which offer the best solution of this 
inconvenience, objected to in Hall’s 
Meyer forges the outside crank solid on 
the axle, and makes the eye of the wheel 
so large that the crank can be put 
through it. 

The widths in these engines are as 
follows for German railways: For 6- 
coupled freight engines, between the 
centres of wheels or rails, 60 inches, 
between the frame-plates or springs, 
centres, 71.68 inches; between cylinder 
centres, 93.28 inches. For passenger 
engines with independent wheels, be- 
tween wheels and frames the same as 
above; between cylinder centres 86.88 
inches. 

Several other systems to ascend steep 
grades have been tried. We observe 
among them a disposition having some 
analogy to the chain warping on the 
Seine. It consists in laying between the 
rails, for the whole length of the incline, 
a strong plaited rope, which winds around 
the driving axle, (a separate axle special- 
ly for the rope?) in the same way as in the 
warpers. The rope in unwinding resumes 
its place between the rails, and may 
serve for several trains at a time. 

A more advantageous arrangement, 
though very complicated, to increase the 
adhesion, is that after Fell’s system 
which is in practice on Mount Cenis. 
In this system a third rail, raised 
higher than the two others, is placed 
between them, and four horizontal driving 
wheels, two on each side, are strongly 
pressed against the middle rail by spirel 
sprin 

The engines with 8 and 10 coupled 
wheels, with the front group movable 
sidewise, of the system of Ergerth, Fink, 
and Hall, constitute also a powerful 
means often employed to ascend very 
steep inclines. 

From what has preceded, it results 
that the good arrangement of a locomo- 
tive having sufficient boiler, and cylin- 
ders and wheels well proportioned, must 
be judged by the relation existing be- 
tween the total weight and the weight 
utilized for adhesion. This condition is 
essential for freight engines that draw 
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heavy trains, in which all weight not 
utilized for adhesion is dead weight to be 
carried or drawn. 

The following table gives the principal 
dimensions of the weight of German 
locomotives, which by their good results 
merit a report here : 





953.5 ft. 
13 tons. 


One Pair 
Drivers, 
15.68 in. 





23 in. 


16.2 in. 
29.5 tons. | 29.5 tons. 


Axle Behind, 


Mixed, 
4-coupled, 
One 





16.2 in. 


--| 25.12 in. | 25.12 in. 


4-coup!ed, 
One Axie in 
Front. 





37} tons. | 24.4 tons. | 18.5 tons. 


6-coupled. 
37} tons. | 31.2 tons. 


17.8 in. 
-| 1268.5 ft. | 942.75 ft. | 847.1 ft. 





7 


Total weight...... 














peed, miles per hour. . 
Weight on drivers ..... 


: 
> 
oe 
° 
_ 
8 
: 
a 


Diameter of wheels... . 


Heating surface...... 
s 


Length of stroke. .... 





The 6-coupled engine can draw on a 
level 1,100 tons at 14 miles per hour. It 
has axles and tires of cast-steel; wheels, 
rods, and tubes of wrought-iron; firebox 
of copper; and costs about 69,000 frances. 
The 4-coupled, with leading wheels inde- 
pendent, can draw 650 tons at 18.6 miles 
per hour on a level. The axles and tires, 
ete., are like the one above, and it costs 
63,500 francs. The mixed 4-coupled, with 
trailing wheels independent, can draw 
350 tons on a level at 27 miles an hour. 
Parts of the same material as the fore- 
going, except the coupling-rods, which 
are made of cast-steel, on account of their 
great length. The engine with a single 
pair of drivers, can draw 150 tons at 47 
miles an hour. Axles, tires, and rods of 
cast-steel: cost 62,000 francs. 





fi ENERAL McCLELLAN is to com- 
T plete the Stevens Battery for the 
State of New Jersey, as provided for in 
the will of the late Edwin A. Stevens. 





oa Macatxes—Resvrts.—Up 
to the present time, as we are informed 
by Mr. Menelaus in papers read before 
the Society of Mechanical Engineers, the 
results of mechanical puddling are unsat- 
isfactory, inasmuch as the iron produced 
has been cold-short, and unfit for use. 
This failure is attributed by Mr. Mene- 
laus to the breaking up of the lining of 
the furnace. The suggestion was made 
that the uniform quality of the iron pro- 
duced with differing linings pointed to 
some other cause; but, as far as we know, 
no suggestion was made as to the di- 
rection in which to seek the cause of 
failure. 

The one chief feature in successful pud- 
dling on the present plan consists in pro- 
tecting the molten iron from the direct 
action of the flame by a supernatant mass 
of molten scoria, whereas in the revolving 
puddling furnace the iron would appear 
to be lifted from beneath the scoria into 
immediate contact with the flame. It 
would be reasonable, therefore, to expect 
an appearance and quality similar to 
what is known as burnt iron—The En- 


gineer. 
\ AGNESIA Cructstes.—The great and 
constantly increasing cost of crucibles, 
is the greatest obstacle in the way of the 
crucible steel manufacture in this country. 
A patent has been taken out in France for 
making crucibles to melt platinum, iron, 
or steel, from magnesia. The description 
given is not very clear; but we believe 
they are moulded by pressure, and are 
then exposed to the heat of an oxy-hydro- 
gen flame, by which they are brought to a 
semi-pasty condition, and the magnesia 
acquires its greatest density, cohesion, and 
hardness. Such crucibles are said not to be 
affected by sudden alterations of temper- 
ature. 








NEMPLOYED Mortve Power.—The 
“ American Artisan” calls the atten- 
tion of inventors to the great powers that 
are, so to speak, going to waste—among 
them wind and tide. The want is, efficient 
mechanical appliances—the power is al- 
most infinite. Captain Ericsson, has at- 
tempted the utilization of what would 
seem to be a more impracticable motor 
still—the direct heat of the sun, but with 
great promise of success. 
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BUILDING AND FACING WITH CONCRETE, 


Translated from La Houille for the London Colliery Guardian, 


The walling of the sides of shafts in 
laces where the rocks are not sufficient- 
y solid, or possessed of sufficient resist- 
ing power, is commonly composed of 
either stone or brick. During recent 
years various parties have begun to make 
use of conglomerate concrete, a purely 
artificial material, for building, which is 
simple as regards the process of prepara- 
tion, and easy to be used, while at the 
same time presenting a great resistance 
and perfect impermeability, which latter 
quality renders it extremely valuable for 
works that are in contact with water. 
Amongst the structures raised of late 
years presenting a certain amount of im- 
portance, and in which the conglomerate 
concrete has been employed, we may 
specify many buildings at St. Denis, the 
drains of the new Opera House, the 
Church of Vesinet, the vaults of the sub- 
terranean galleries of the Exhibition, the 
breast wall of the Avenue l’Emperor, 
from Pompe to the lamp beyond the 
Military Bakehouse. At the present mo- 
ment they are constructing with this con- 
crete, to the height of above 15 me- 
tres, the sloping boundary wall of the an- 
cient cemetery of Passy. The concrete 
used is a cement rather than concrete 
proper. It is composed by the very inti- 
mate mixture of the following elements 
in determined proportions, thus : 

Large sand, very pure 4 parts. 

Lime = 

Portland cement 4 

Water 7, of the total weight of the 

mixture. 

Instead of making with the sand and 
lime a mortar in liquid batter, the pre- 
parer must reduce as far as possible the 
quantity of water, and subject the mix- 
ture to an energetic and prolonged 
course of trituration. By this tritura- 
tion, notwithstanding the great reduction 
of the water, there is at length obtained a 
dusty paste, which, after a continued 
process of pounding, is brought into the 
state of very stiff plastic paste. This is 
poured out into a movable mould in 
successive and very thin layers, and sub- 
jected to very serious pugging. This 
pugging effects such an agglomeration 
that there enters into each cubic metre of 
masonry from 14 to 15 hectolitres of the 


“ 





mixture, while the mass itself acquires a 
considerable rapidity and intensity of 
hold ; so much so that some few days or 
even hours suffice to give it the consist- 
ency of stone. Now, as the work done 
one day becomes perfectly consolidated 
with that of the day before, it follows 
that the mass of masonry may be indefi- 
nitely extended, so as to form one actual 
block of stone which offers a perfect re- 
sistance to frost and heat. This concrete 
thus forms a veritable stone paste, to 
which, by means of moulds, all sorts of 
forms may be given, and which will not 
present any joint, but possesses through- 
out a solidity not otherwise attainable. 
In order that the conglomerate concrete 
may present all the required conditions 
of resistance and of serviceable usage, it 
is necessary that the preparation should 
be well made. It consists of the follow- 
ing process: Ist. The greatest part of 
the water contained in the common mor- 
tars as concrete must be got rid of. 2d. 
The substance must be homogeneously 
and intimately mixed, notwithstanding 
the elimination of the water, by being 
subjected to a trituration energetic, pro- 
longed, and operating with compression. 
3d. 7 om this trituration there must re- 
sul’ successively a condition of hard plas- 
ticity, a pasty powder, and then a dusty 
paste. 4th. Agglomeration is next to be 
produced by the action of a hard and 
heavy body operating on thin successive 
layers poured out in proportion into a 
mould. By fixing movable moulds on the 
actual masonry, which it is required to 
raise to a further elevation, we may in- 
definitely augment its mass, and obtain, 
so to speak, stone without limit which 
advantageously takes the place of hewn 
stone and brick. The concrete, set under 
favorable conditions, offers a great re- 
sistance to picking or wearing of any 
kind, and its resistance to crushing 
reaches to from 400 to 500 kilog. per cubic 
metre. With regard to its producing or 
net cost price, it will vary in different lo- 
calities, and will mainly depend on the 
rate of wages for manual labor. We are 
persuaded that this concrete can be ad- 
vantageously employed in mines, its im- 
perviousness to water and its power of 
resistance suiting it even for bottoming 
in crossing watery strata. Shafts walled 
with concrete would resist better and for 
a longer time than those faced with stone 
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or even brick, by reason of the intimate 
union of its constituent elements and of 
their adherence to the bare surfaces 
which require to be faced. The facing of 
galleries, the fixing of conduits for water 
and for air, may also be done in concrete, 
and any movements in the earth will only 
produce therein fissures that may be 
easily repaired and filled up again with 
the same concrete, which will at once 
become incorporated with the old mass. 
The facing of shafts especially may be 
effected with great facility and great reg- 
alarity. It would suffice, in fact, to sus- 
pend from a certain special rope, well 
fixed over the middle of the shaft, a box 
with very smooth exterior sides, of the 
diameter to be given to the shaft re- 
quiring to be faced, and behind this they 
could pug the concrete. As soon as a 
certain elevation had been attained, they 
could raise the box, pug anew, and so 
continue until they had reached the sum- 
mit of the structure. 





HE Locomotive Burtpers Meet «Ne, re- 

cently held in New York, will, it is 
hoped, lead to better results than the 
meeting of 1856. If the builders had 
carried out the ideas of price and pay 
they all agreed to in ’56, they would not 
have met with the general disaster that 
befell them in the autumn of ’57. It is 
for the interest of railway companies 
and the public that locomotive builders 
should have no excuse for turning out 
inferior work. The American builders 
have done vastly more than the railway 
managers, to reduce the working ex- 
penses of engines. They deserve a re- 
ward for so greatly improving the 
American Locomotive, and they should 
have an inducement to perfect it. But 
they must build cheap and old-fashioned 
machinery, if railway managers will pay 
for nothing better. 





\TEEL-COVERED Axtrs.—It is propos- 
b) ed to heat old axles red hot and to cast 
steel rings upon their journals or upon the 
whole axle. The steel is expected to unite 
firmly with the iron, and to be sound 
enough to finish well. This result can 
perhaps be realized after some expensive 
experimenting. Steel rail ends have been 
successfully cast into the centre of steel 
ingots, at the Pennsylvania Steel Works. 


RAILWAY ACCOMMODATIONS, 


This branch of civilization, says the “New 
York Times,” is advancing perhaps more 
slowly than railway safety. But it does 
advance. Smoother permanent way, high 
and ventilated car roofs, the equalization 
fof load on spread and elastic trucks. bet- 
ter ballasting and less dust, sleeping cars 
in many of which one can sleep when suf- 
ficiently fatigued, compartment cars well 
upholstered, better motive power, and 
hence closer connections, and some im- 
provements in ticketing and checking, are 
the actual and comfortable facts of to-day, 
instead of the almost chimerical dreams 
they were a decade ago. 

But let no railway manager suppose 
that he has earned immunity for another 
decade. Great improvements are still to 
be made in railway accommodations. Ven- 
tilators, for instance, are all very well, but 
ignorant and careless brakemen opening 
or closing them without reference to tem- 
perature or wind, in many cases convert 
them into a nuisance. Nor should offi- 
cious or selfish passengers be allowed to 
regulate these matters. Here a brawny 
lumberman throws open every sash and 
panel on the windward, to the peril of 
invalidsand children. There a hypochon- 
driac seals up every aperture, to the peril 
of the general health and temper. There 
should be in every train, for invalids, in- 
fants, and old women of both sexes, who 
have no lungs, a compartment, ventilated 
as far as compatible with the exclusion of 
that arch-destroyer—Draft. And there 
should be an officer charged with the ven- 
tilation of the train—an officer who can 
distinguish between atmospheres of car- 
bonic acid and air, and who can appreci- 
ate a calorific change when he enters from 
the out-door temperature of 40 to the in- 
ternal heat of 100. And the ventilation 
should be under his exclusive control. 
The brakemen who periodically rush 
through a train, shutting every aperture 
that was open and opening those that 
were shut, are wonderfully innocent of all 
thermal and atmospheric distinctions. 

But the grand discomfort, as well as 
the awful peril of our railway appoint- 
ments, is warming the cars by stoves. If 
the recollection of freezing feet and ach- 
ing head all the long winter evening by 
the railway fireside, does not throw the 





reader into a cold sweat, the remembrance 
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of Angola will. There is, perhaps, no de- 
veloped plan that will keep the tempera- 
ture of a packed car, with constantly 
opening doors, as regular and pure as 
that of a Fifth-avenue drawing room— 
never below 65° or over 70°. The genius 
of invention may be equal to the task, but 
we consider the conditions absurd. When 
travellers are used to it they will vastly 
prefer the natural temperature of the 
euter air, modified by shade and draft in 
summer, and by a little artificial heat in 
winter; they will prefer to adapt their 
clothing to such an atmosphere, provided 
always the feet be kept warm, rather than 
risk the foulness and local heats of an at- 
tempted drawing-room temperature. We 
find a positive enjoyment in breathing the 
crisp air of an October morning, when we 
bundle up our persons to resist it; but 
the same temperature in a railway car 
would set the women distracted. 

Another error lies in the provision of 
unsuitable means of warming. The 
American stove heats the head, while the 
feet remain in a cold stratum constantly 
re-enforced from opening doors. The use 
of tanks of hot water under the feet, 
preserves the temperature of every part 
that cannot be adequately clothed, 
and mollifies the general atmosphere 
without poisoning it. Any feasible dis- 
tribution of heated air, cannot prevent 
the universal misery of cold feet. The 
present system of running to the stove 
to toast them, and back again to escape 
the headache, is better than any system 
of moderate heating by stoves. The 
calorific contrivance, whatever it may be, 
must lie under the feet. And hot-water 
tanks, changed at water stations, would 
probably, in effectiveness, certainty of 
operation, cost, and expedition, excel all 
other heaters. Water is admirably 
adapted for this purpose. It has the 
greatest capacity of any substance for 
holding heat, and its fluidity renders it 
the easiest of all substances to handle. 
By means of little doors in the sides of 
the car, between the seats, a couple of 
porters could change the tanks every 30 
to 50 miles, as the weather might require. 
In case of collision, the wrought-metal 
tanks would be unlikely to burst, and 
there would be no setting fire to the 
déris. 

Baker’s system of warming cars by 
water in pipes is already used in the best 





drawing room and sleeping cars, both of 
East and West. The heat is pleasant 
and temperate, and it is applied where it 
is wanted—at the bottom of the car—at 
the feet of the passengers. Of the ap- 
paratus, the “ limes Railway Review” 
says: The principle is very simple—that 
of the circulation of hot water. From 
the water-enclosed furnace, placed at one 
end or suspended underneath the car, the 
hot water—charged with 33 per cent. of 
salt, to at once prevent freezing and 
increase its capacity for retaining heat 
—flows out through the pipes distributed 
along the floor of the car, returning 
automatically to the furnace as it becomes 
cool. The apparatus would be little lia- 
ble to accident from fire in any case; 
and, to make assurance doubly sure, the 
water surrounds the fire, so that in case 
of accident, it would put it out. The 
economy of fuel (three-fourths) and labor 
is extraordinary—the furnace being filled, 
for instance, at Chicago, locked up, and 
requiring no- further attention till Buffalo 
isreached. In anotherimportant respect, 
the economy is notable, as compared with 
the stove-heated car. Instead of two 
stoves, one furnace is used. As this 
(placed in one corner) gives out no heat 
directly, there is a practical saving of 6 
seats in each car—a common stove not 
only occupying the place of a single seat, 
but rendering the two adjoining seats 
uncomfortable. 

A new method of heating cars, tried on 
the Connecticut River Railroad, is thus 
described : 

A bonnet is placed on the top of the 
car at each end, to catch the wind while 
the car is in motion; the air rushes down 
a pipe into a water box, where it is 
thoroughly washed, and thence into a hot 
air-chamber surrounding a stove, whence 
it is forced in a pure state into pipes that 
run near th efloor, the whole length of the 
car, on each side and under the seats. 
At proper intervals these pipes are per- 
forated with small holes, through which 
the heated air escapes. The warmth is 
distributed equally throughovt the entire 
length of tho car, and coming low down 
towards the floor will enable passengers to 
always keep their feet comfortably warm. 

Another much needed railway accom- 
modation would be the timely indication 
of stations. On many roads stations are 
not habitually called out by the brake- 





fronr et ee ty 


COO oat ee ote 4 Doe et OM et Df 


f+ het 4 cD Oo 


Ame wm et OO ee OU Oe es OE Ot ed 


er EwTrlC OCU DSU! OCU SO]? 


ee ee ee. A 


VAN NOSTRAND'S ENGINEERING MAGAZINE. 67 





men; on most roads they are indistinctly ing “locomotive luncheons” at one sta- 
called; on all roads they are not called tion, neatly and compactly arranged in 
till the train stops, thus giving too little baskets, which are left at the next station, 


time for ladies and children to prepare to 
alight. And as the attendants on Ameri- 
can trains are few, and very busy at sta- 
tions, passengers must, in the majority of 
cases, know the station, or take pains to 
get out and ask, or be carried on. A re- 
volving sign at each end of the car, legible 
to all, and to be set by the brakeman just 
before stopping at stations, would be sim- 
ple and effective. Such an apparatus has 
been introduced on the Ogdensburg and 
Lake Champlain Railway. It consists 
externally of a box surmounted by a bell, 
and having a glass plate in front, under 
which the name of a station appears in 
letters of about 3 inches in length. When 
the train arrives at the station named on 
the indicator, the bell on the top of the 
box rings, and presently the name of the 
next station on the line appears under the 
glass plate. 

Speaking of attendance, the following 
railway order is commended to railway 
managers without many exceptions. It 
is posted in the station houses on the 
Rutland Railroad, in Vermont: 

“Baggage men at the depots, and men 
on the trains—freight as well as passen- 
ger—are expected, and are employed by 
this Company, not only to do their work 
well, but pleasantly—to give every facility 


is to become general. But it is in Amer- 
| ica, above all other places, that an econom- 
| ical and expeditious system of victual- 
ling passengers, should be devised, for 
here the routes are longest and the sta- 
tions isolated. 





MPROVED Torsmwe—Mr. Paul R. 
Hodge, of London, has designed an 
| arrangement for counterbalancing the 
pressure of the water on the wheel, also 
the weight of the shaft, etc., also for reg- 
ulating the velocity of the wheel by the 
governor by the assistance of a working 
column, instead of blocking off the water 
from the guide curves or delivery buckets. 
| These, and his improved method of ob- 
| taining the guide and delivery curves, are 
illustrated in “Engineering” of October 
30 last. 

There are two improved Fourneyron 
wheels on one shaft, one working above 
the casing and the other below; inside 
the casing there are the two sets of guide 
curves answering to each wheel. The 
pressure of water due to the head or 
column is counterbalanced by the intro- 
duction of the second wheel above, there- 
| by effectually taking the pressure off the 
step of the shaft. 

The manner of regulating the wheel by 








to travellers, by information and by acts. | the governor is as follows: The governor 
any — — a of — = | Operates on a vertical rod, to which is at- 
at courtesy due the patrons of the road, | tached the balanced sluice or puppet 
will render them unfit for its service, and | valves for the regulating of the quantity 
they will be dismissed accordingly. Trav- | of water in its passage from the reservoir 
ellers may be unreasonable, but this will | to the working column at some distance 
be considered no excuse for any employé , above the wheel, so that if, when the 
to be so in return.” wheel is working at its maximum of effect, 
It is hardly necessary to add, that the a certain portion of the load is suddenly 
Railway Dinners and Lunches of Amer- | thrown off, then the sluice valves close 
ica, as well as of England, may be im- | and the working column is reduced to an 
—— a ee aie extent corresponding to the reduction of 
e “New York World” says that Mr. | the load on the machine. When an in- 
Charles Dickens has again set on foot in ! creased load is again thrown on, the gov- 
ee a ——— reform. “Mug-jernor reopens the valves and admits 
poed commiasariat than all the ennitary |loed, ‘By tha arsangement the ob- 
) i tl nitary | load. y this arrangement the ob- 
regulations, newspaper agitation, and in- jectionable methods of blocking off the 
dividual growling put together. _ John water from the wheel, either by the guide 
Bull, stung in his stomach by satire, has | curves or delivery buckets, is done away 


set to work in good earnest to reform the 
refreshment saloons on the great railway 
lines, and it now seems likely that the 
very simple and excellent plan of supply- 


with, it being a well-ascertained fact, that, 
| when 10 per cent. of water is stopped off 

by the latter method, there is a loss of at 
_least 39 per cent. of effect. 
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TRON AND STEEL INSTITUTE. 


The ironmasters and steel manufac- 
turers of Great Britain have resolved 
upon forming an “Iron and Steel Insti- 
tute,” for the discussion of questions of 
practical and scientific interest. The 
general principles of the proposed Insti- 
tute will be similar to those adopted by 
the Civil and Mechanical Engineers, and 
other kindred societies, all questions 
bearing on trade regulations and wages 
being rigidly excluded. 

From the number and position of the 
gentlemen who have taken an interest in 
the project, no doubt need now be enter- 
tained, says the “Mining Journal,” of 
its being carried to a successful issue. 
Each of the ironmaking districts is well 
represented, as will be seen from the 
subjoined list of appointments to the 
provisional committee which have been 
made : 

Norra or Enetanp.—Messrs. Edward 
Williams, Isaac Lowthian Bell, David 
Dale, James Morrison, B. Samuelson, 
M. P., W. R. Innes Hopkins, Charles 
Bagnall, M. P., John Jones. 

Wesr Coast.—Messrs. Joseph T. Smith, 
W. Fletcher, John Lancaster, J. Paterson, 
James Smith. 

Soura Srarrorpsuire.—Messrs. G. J. 
Barker, Walter Williams, William Mat- 
thews, John Hartley, William M. Sparrow, 
Frederick Smith, Saunders, Sampson 
Lloyd. 

Norra Srarrorpsatre.—Messrs. W. S. 
Roden, Robert Heath, J. Udall, J. Rams- 
bottom. 

Sour Wares anp Monmovra.—Messrs. 
W. Menelaus, A. Brogden, R. Fothergill, 
Budd, Abraham Darby, Struve. 

Sarorsuire.—Mr. Thomas Horton. 

Suerrietp (Steel).—Messrs. Heury Bes- 
semer, Edward Vickers, George Wilson, 
Mark Firth. 

Wesr Rivrva.—Messrs. F. Kitson, Jef- 
feries, John Butler. 

Dersysnire.—Messrs. J. G. N. Alleyne, 
William Fowler. 

Scotrtanp.—Messrs. Walter Neilson, 
Whitelaw, R. Cassels, Robert Hannay, 
Neil Robson. 

It is gratifying to find that there ap- 
pears to be every disposition on the part 
of the provisional committee to make the 
institution that which it professes to be 
—a national association; and with this 





view it has been decided that the makers 
of iron and steel in the several districts 
shall be asked to become members, and 
that the headquarters of the proposed 
institute shall be London, periodical 
meetings being held in the various iron- 
making districts. By this means will be 
removed all cause for little jealousies 
which might arise from a particular pro- 
ducing district possessing the advantages 
of being the seat of the society’s head- 
quarters. Such associations as the Iron 
and Steel Institute are well calculated 
to promote the material progress of the 
branch of industry with which they may 
be connected, and it is to be hoped no 
time will be lost in bringing the project 
into working order. 


THE CHENOT STEEL PROCESS, 


Removing and treating the pure iron from 
a blast furnace before it becomes carbur- 
ized, has been the subject of some experi- 
ments, many schemes, and great expecta- 
tions. The scheme of M. Chenot is well 
described by M. Laudrin in his treatise on 
steel, but its practical and commercial 
prospects are not hopeful. 

In the ordinary blast furnace where pig 
iron is produced, there are two distinct 
operations at two different heights of the 
stack. Theiron ore, which is a compound 
of iron, oxygen, and earthy matter, is re- 
duced in the upper parts of the furnace 
after somewhat complex reactions. Ata 
certain height the ore comes in contact 
with carbonic oxide, which unites with its 
oxygen, and escapes at the mouth as car- 
bonic acid. The earths which accompany 
it become separated, and fall to the lower 
part of the furnace, where they are trans- 
formed into slags or cinders. The iron 
is reduced, and remains pure. The 
height where these reactions occur is 
termed the zone of reduction; the heat is 
intense. At this point let us see what 
happens. The carbonic acid escapes at 
the top of the furnace, the iron and slag 
remain, and, on account of their specific 
gravity, fall to the lower part of the fur- 
nace, where the temperature is greater, 
and there undergo new reactions. Every 
one at this stage of the operation will 
think it would be more advantageous to 
extract the perfectly pure iron instead of 
allowing it to fall among the incandescent 
coals, where it is transformed into car- 
bide or pig iron. Such was the idea of 








+ et OD erUQ 


ta tte i i i ee i. te ee ee Ul 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





M. Adrien Chenot, who thought of stop- 
ping the operation just when the ore had 
been converted into pure iron. An’ in- 
tense heat reigns in the greater part of 
the furnace 16 feet above the zone of re- 
duction, and 33 feet underneath. Why 
should such a heat be kept 10 metres un- 
der the point where the pure iron is ob- 
tained? We readily understand that, 
when pig iron is wanted, such a heat is 
maintained underneath in order that the 
iron shall be converted into pig metal in 
a carburizing atmosphere. But, when 
ductile iron is wanted, we think it is use- 
less and costly to keep up the combus- 
tion of the fuel when the product sought 
for is already obtained. Following these 
principles, M. Chenot, instead of heating 
the furnace underneath the boshes, thatis, 
the lower part, has directed the highest 
temperature to be applied at the zone of 
reduction. The combustion ends there. 
The pure iron thus produced descends 
gradually into cold boshes, where it can- 
not undergo any new reaction, and where 
it is found in spongy masses mixed with 
the earths. The only operation which 
remains is the separation of the iron from 
the earths. This is effected by powerful 
magnets, which, being presented to the 
cold and pulverized residue, separate the 
iron ina state of perfect purity. This 
powder of pure iron being submitted af- 
terwards to an enormous pressure which 
reaches above 700 atmospheres, has its 
atoms so strongly united that it acquires 
the density of iron itself, and may be 
drawn into bars, and undergo all the 
operations of a forge. 

The compressed sponge is used by M. 
Chenot for cementing iron, and conver- 
sion into steel. It has been found by ex- 
periment to absorb its own volume of 
liquid; therefore it is sufficient to dip it 
into an oleaginous liquid, as coal tar, in 
order to produce a true carbide, not by 
combination, but by mixture. The me- 
tallic mass thus impregnated is put into 
pots and cast in the usual way. 





FFECT on Crmare anp Lan, OF OPEN- 
ING THE Suez Canat.—In his address 
before the British Association, Mr. Bidder 
called he it to get information as to the 
effect of filling a lake (now dry) of 150 
square miles extent, and thus adding 2,500 
cubic feet per minute to the evaporation, 


equal to a rainfall of 365 inches per annum. 





RAILWAY BRAKES, 


No sooner was the problem of setting 
trains in motion by steam satisfactorily 
solved, than a more diificult one, that of 
arresting their motion, arose in its place. 
It is not too much to assert that, in spite 
of the innumerable patents taken out, in- 
ventions experimented upon, and trials 
undergone, the question of obtaining a 
perfectly satisfactory brake action is yet 
an undecided one. Probably, the real 
reason why the difficulty has not been 
overcome, is that too much has been 
sought for, and too rigorous a solution of 
the problem attempted. Inventors, as a 
rule, have striven, with inexhaustible pa- 
tience and assiduity, to design a brake 
that will stop a train almost instantane- 
ously, and those who have effected the 
change from rapid motion to a state of 
complete repose in the shortest time, 
have considered that they have ap- 
proached nearest to the vanquishing of 
the obstacle. But in fact they were very 
far from attaining the desired result. 
The great object of a brake is not to 
suddenly and totally arrest the progress 
of the train, but to gradually reduce it to 
a state of rest. It is not expected to act 
only on rare and special emergencies, but 
to be of continual use during the whole 
journey. In a word, it is for general, and 
not special employment. In order to ob- 
tain a sudden arrest of motion, all the 
earlier, and most of the recent, descrip- 
tions of brake were made to lock the 
wheels immedistely upon their applica- 
tion. Independently of the great im- 
pactive force suddenly brought into play, 
and the violent torsion thrown upon the 
axles by this arrangement, it is radically 
unsound in principle, and does not effect 
the result desired. If the skids (brake 
blocks) press so tightly upon the wheels 
as to lock them, the train is not brought 
to rest so soon as if they only had bite 
sufficient to prevent them from revolving. 
To determine theoretically the exact velo- 
city at which a body will cease to roll and 
commence to slide, is a very nice mathe- 
matical problem, but practically the limits 
may be ascertained experimentally with 
sufficient accuracy for all working pur- 
poses. At the late Exposition, the im- 
provements in the details of brake gear 
were mostly confined to effecting the in- 
stantaneous application of the skids to 
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the wheels. These comprised the use of 
levers, screws, springs, balance weights, 
and other contrivances, including auto- 
matic and electrical agencies. —Mechanics’ 
Magazine. 

We think the requirements of a brake 
are correctly stated above, and we would 
call the attention of English railway man- 
agers to the American Creamer brake, 
which we think fulfils these requirements 
in a marked and useful degree, if not ab- 
solutely. 





THE GAS MANUFACTURE, 


Complied from a paper by Mr. Gore before the Society of En- 
gineers, and from the address of Mr, Barlow before the 
British Association of Gas Managers 





Among the varied applications of sci- 
entific discovery to the purposes of daily 
life during the last century, few, if any, 
have attained greater importance than 
that which relates to the manufacture 
and application of coal gas. Scarcely a 
city, town, or village, of considerable size, 
in this country, or on the Continent, or 
even in the United States of America, re- 
mains unsupplied with this almost indis- 


pensable agent, in our industrial and 


social existence. Its use is rapidly ex- 
tending in more remote regions, for 
strange as it may appear, there are many 
peoples and communities who, though 
persistently resisting useful applications 
of practical science as dangerous innova- 
tions, are yet eager to avail themselves of 
the use of gas as a source of artificial 
light and heat. Even religious prejudices 
of the most obstinate character have suc- 
cumbed to this desire, and we now behold 
the Christian Church, the Mosque of the 
Mahometan, the Hindoo, Buddhist, and 
even the Chinese Temple, each illuminat- 
ed by this simple yet beautiful light. 
Composition or Coat Gas.—In the ab- 
sence of any other well-supported theory, 
it is the generally received opinion that 
the light afforded by this gas is due to 
the amount of solid carbon incandescent 
in the flame at the moment of combus- 
tion. The two most important gaseous 
compounds of hydrogen and carbon, are 
marsh gas, or light carburetted hydrogen, 
and the other olefiant gas. The composi- 
tion of the first is represented by the 
symbols C H,, and consists by weight of 
75.4 of carbon, and 24.6 of hydrogen. 
The composition of the second is repre- 





sented by the symbols C, H,, and con- 
sists of 86 parts of carbon and 12 of hy- 
drogen. The permanently gaseous con- 
stituents of all coal gas consist essentially 
of combinations of these two fluids or 
compound gases; but experiment shows 
that it is not a chemical union that is 
formed between them, but simply a me- 
chanical mixture that takes place. Thus 
some coal gas of low illuminating power 
consists principally of marsh gas, with a 
very slight proportion of olefiant gas ; 
other gas, of high illuminating power, 
contains an excess of olefiant gas. But 
the value of gas as a source of light is 
not due entirely to its gaseous constitu- 
ents, for it almost always contains a 
certain quantity of vapors, more or less 
rich in carbon, and therefore extremely 
valuable as light-giving agents. 

Quatity or Gas.—What is technically 
called a poor gas coal always yields gas 
of the most permanent character, and is 
the most uniform in its amount of illu- 
minating power, owing to the small 
amount of hydrocarbon vapors, and 
hence the small mechanical mixture. With 
a coal rich in the constituents of olefiant 
gas, the illuminating power, though act- 
ually much greater, is still liable to more 
variation than is the case with the poorer 
gas ; but the greatest instability is ex- 
perienced when a mixture of poor and 
rich coal is used. The gases generated 
from this mixture form but a feeble com- 
bination, the one with the other. The 
hydrocarbon vapors are merely held in 
suspension, and do not enter into union 
with either of the gases; the slightest 
obstruction, or the lowering of the tem- 
perature, soon destroys this slender con- 
nection, and the result is the loss of a very 
considerable portion of the illuminating 
elements of such gas. It is strange yet 
true that this last process of manufactur- 
ing by mixed material is the one very 
generally adopted. 

Quantity vs. Quatiry.—In the earlier 
years of gas lighting illuminating power 
was not regarded of any great import- 
ance. And when opposition was raised 
it was almost always on the ground of 
price. This led to the establishment of the 
Great Central Company for the supply of 
the City of London, upon the funda- 
mental principles of a low price and alow 
standard of illuminating power. To carry 
these proposals into practice involved some 
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important modifications and changes in 
the machinery and apparatus. The prin- 
ciple laid down in the case of the Great Cen- 
tral Company has been more or less applied 
throughout the country, and the result 
has been that the constructive details of 
gas works have been carried out almost ex- 
clusively with a view to obtain the largest 
possible quantity of gas from the mate- 
rials used for its production: Furnaces 
affording the greatest heat, retorts expos- 
ing the largest carbonizing surface, con- 
densers and scrubbers making the strong- 
est ammoniacal liquor, purifiers of large 
capacity and surface for the oxide system 
of purification, monster gas-holders, and 
last, though not least, street mains of 
the dimensions of small tunnels; these, 
and perhaps some other matters, are the 
concomitants of cheap gas, as inaugurated 
at the period above referred to. 

Subsequent events, however, have shown 
that at least one of the parties to the ar- 
rangement (the gas consumers) have be- 
come dissatisfied with their bargain. 
The Legislature has so far interfered as to 
raise considerably the standard of illu- 
minating power, and the question pre- 
sents itself whether, in meeting this 
change, it may not be requisite to modify 
the present mode of constructing gas 
works, especially where mixed coals are 
used, 

Rerorts anp Drp-prees.—In large works, 
and with clay retorts, the system of 
through setting, with double mouth- 
pieces, is unquestionably the most econo- 
mical, both as regards fuel and durabil- 
ity. But this arrangement is open to 
grave objections. If the retorts are used 
for the generation of gas of high illumi- 
nating power, the increased surface over 
which the gas passes after it is eliminated 
from the coal exposes it to the chance of 
decomposition, and the consequent depo- 
sition of its carbon. In through retorts 
this deposition is due mainly to two causes; 
in the first place, in charging the retort, 
the centre scarcely ever receives its due 
portion of coal, and as this part is always 
the hottest, it follows that the gas gen- 
erated from the thinner stratum of coal is 
exposed to intense heat, and a portion of 
itis speedily decomposed. Another cause 
of this deposit is the want of uniformity 
in the pressure in the two hydraulic 
mains; a slight resistance in one main or 
the other causes the gas to take the course 





offering least obstruction, and as the par- 
ticles of gas thus pass over a larger 
amount of heated surface, they are ex- 
posed to the greater risk of decomposition. 
Several expedients have been suggested 
to remedy this evil; one is to use a valve 
to each ascension pipe, so as to dispense 
with the dip-pipe when the retort is work- 
ing; another is to have only one hydraulic 
main, placed over the centre of the ovens, 
and both mouth-pieces connected to it by 
a single dip-pipe. 

Some farther modifications made in the 
form and arrangement of the dip-pipe 
tend to remove the inconvenience that 
arises from the necessity of having the 
dip-pipe sealed in the hydraulic main. 
An American inventor has suggested an 
alteration in the old form of hydraulic 
main by casting the dip on its side. 
This method of forming the dip-pipe 
presents some advantages in clearing 
out, and it avoids the inconvenience at- 
tending the collection of pitch round the 
mouths of the pipes. A more important 
arrangement of the dip-pipe, having for 
its object the removal of the pressure in 
the retorts occasioned by the seal in the 
hydraulic main, has been contrived by 
Messrs. Cockey & Sons. This arrange- 
ment is called a “telescopic” dip-pipe, 
that portion of it which enters the tay in 
the hydraulic main being made to slide up, 
like the tube of a telescope, as soon as the 
retort is charged; the action taking piace 
by means of a lever to which a handle is 
attached. Before loosening the lid of the 
retort the telescope part of the pipe is 
lowered again into the tar to prevent the 
gas from passing back into the retort. 

Macarxes ror Drawine anp CHararne 
Rerorts.—Of the mechanical appliances 
for the charging of retorts, by which a 
large system of retorts set in one oven 
may be charged at once, by a number of 
scoops operating at the same instant, Mr. 
Barlow says: The plan has been practi- 
cally tried at the Alliance Gas Works in 
Dublin, and I am able to speak of it very 
favorably. A new retort-house has been 
erected, capable of carbonizing 300 tons 
of coal in a day, and containing 270 dou- 
ble retorts, or 540 mouth-pieces, the charg- 
ing and discharging of which is performed 
by two machines, and hitherto with com- 
plete success. Best & Holden’s “steam 
stoker,” as the machine has been termed, 
appears to be destined to make a rev- 
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olution in the retort-house arrange- 
ments of all large gas works. The pat- 
entees have contracted for the charg- 
ing and discharging of the retorts at 
the rate of 9d. per ton, including royal- 
ty, the cost under the old system having 
been Is. 7d. 

Tue Conpexser.—By the term con- 
denser, we usually understand the appa- 
ratus acting as a means of refrigeration, 
but this is only true in reference to its 
use where the gas is of poor quality and 
of low specific gravity. In treating gases 
which are to possess high illuminating 
power, it is not desirable to reduce their 
temperature below 60 degrees. Under 
these circumstances, therefore, we must 
look upon the condenser as a seperator, 
and not simply as a refrigerator. The 
two forms of condensers most generally 
in use are the tubular, or series of pipes, 
and the annular. Whichever of these 


forms is adopted, a large extent of sur- 
face is indispensable, in order that the 
separation of the mechanical and non- 
chemical impurities contained in the crude 
gas may be gradual. The existence -of 
naphthaline may in many cases no doubt 


be traced, first, to the high temperature 
at which the gas is generated, and again 
to the too sudden reduction of the tem- 
perature by rapid and excessive refrigera- 
tion. It is a strange anomaly that so 
much care and labor should be applied to 
remove so many of the light-giving con- 
stituents from the gas, and then to give 
back these elements by the use of costly, 
and in some cases dangerous appliances, 
in naphthalizers, carburetters, and other 
high-sounding and wonderful specifics. 
Wasutine Gas.—After leaving the con- 
denser the gas is subjected to washing, 
either by means of the old-fashioned wash- 
vessel, or the more modern “ scrubber ;” 
the object in either case being to purify 
the gas from any remaining particles of 
tar, heavy oils, and ammonia. Many very 
conflicting statements have been made in 
reference to the effect of water in remov- 
ing some of the light-giving constituents 
from coal pas. Several chemists, who 
have the reputation of being oracles in 
these matters, have asserted that water 
exerts but a small influence in diminish- 
ing the illuminating power of coal gas. 
Some engineers, who certainly have an 
equal claim to consideration from their 
great practical experience, say, on the 





contrary,that water produces a very inju- 
rious effect. Mr. Gore here gives, at 
length, certain experiments which seem to 
prove the latter proposition, and says that 
after a series of trials, a system was 
adopted of allowing the water to flow 
through the scrubber for ten minutes, at 
intervals of two hours ; the gas was sufli- 
ciently freed from tarry matter, and the 
illuminating power of 19 candles was al- 
ways maintained, the average being 21 
candles at the works. 

Live vs. Oxipe or Iron.—In removing 
from gas the chemical impurities, lime is 
unquestionably the most appropriate 
agent, and, in all situations where it is 
possible to employ it, it should be used to 
the exclusion of all other substances. Con- 
siderations of economy, and certain sani- 
tary regulations, have induced chemists 
and engineers to turn their attention to 
some of the metallic oxides as substances 
adapted for the purposes of gas purifica- 
tion, and now by common consent certain 
oxides of iron are used as a substitute for 
lime in most of our important gas works. 
The action of this material is to remove 
the sulphuretted hydrogen, by the union 
of the sulphur with the iron, forming the 
black sulphuret or sulphide of iron. When 
the material is fully saturated, it is re- 
moved from the purifier, and on exposure 
to the atmosphere undergoes a series of 
chemical changes, which result in the 
precipitation of the sulphur and the re- 
oxidation of the iron, which again becomes 
fitted to act as a purifying agent; in fact, 
the process of revivication may be carried 
on for months before the purifying power 
of the material is entircly exhausted. In 
constructing purifiers for the oxide of iron 
process, a much larger superficial area is 
necessary than when hydrate of lime is 
employed. It is very questionable, the 
author ventures to think, whether the 
practice of increasing the thickness of the 
layers of the oxide is in all respects good, 
especially when the material is partially 
spent. 

Aputtrrations.—A very objectionable 
system is now pursued in gas manufacture 
of disregarding the existence of carbonic 
acid in gas. The reason assigned for this 
practice is that the quantity is so small 
that its interference with the illuminating 
power of the gas is easily compensated 
for by adding a little more Cannel in the 
process of manufacture. Another eco- 
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nomic suggestion has been made, namely, 
the revivication of the oxide in the purifier 
itself, by allowing a portion of atmos- 
pheric air to be driven through the mate- 
rial along with the gas, thus causing a 
constant decomposition of the sulphuret 
as fast as it is formed; the injury result- 
ing to the illuminating power of gas is 
to be remedied by that panacea for most, 
if not for all, of the ills attendant on gas 
lighting—“ a little more Cannel”—but any 
admixture of atmospheric air should cer- 
tainly be avoided, first, because itis a dis- 
honest adulteration of the gas, and, 
secondly, because it is unsafe, and may 
lead to the most disastrous consequences. 

Gas-Hotpers.—It must be admitted that 
the larger the gas-holder the cheaper its 


cost at per 1,000 feet of its contents; but | pressure which 





greater will be the loss of illuminating pow- 
er; hence it follows that a compaiiy sup- 
plying gas from works three or four miles 
from the district or place where the gas 
is to be consumed, will have to use a much 
larger proportion of Cannel, or other 
light-producing material, to produce and 
supply gas of equal quality with a com- 
pany only a mile from its consumers. It 
is very questionable if the advantages said 
to be gained in a sanitary point of view, 
or the greater economy effected in the de- 
livery of raw materials, and the distribu- 


-tion of residual products, as coke, tar, 


liquor, etc., will at all compensate for the 
increased outlay in mains and the attend- 
ant loss of illuminating power. 

New Merunops ror Gas-Maxmc.—The 
the Legislature has 


itis a question for serious consideration | recently put on gas companies to raise 
whether, as a matter of safety, these enor- | the standard of illuminating power con- 


mous depositories are not open to grave 
objections. So long as the quantity pro- 


siderably above that obtainable from 
common coal, has compelled most of them 


duced in the course of manufacture was| to use a certain proportion of Cannel 
the essential object of our manipulations, | coal at a heavy cost and with a diminu- 


the effect on the quality of gas by its; tion in the value of the coke. 


The 


storage was only of secondary import- | advance in the price of Cannel conse- 


ance; but if a higher standard of illumi- 


nating power is to be imposed, the advan- 
tages of these enormous gas-holders may 


not prove soobvious. The storing of gas 
(especially such as contains any consider- 
able amount of hydrocarbon vapors) is 
sure to result in an appreciable diminu- 
tion of its illuminating effect. 

Srrvation or Worxs.—In selecting a site 
for works, the following are among the 
most essential desiderata: Sufficiency of 
area, a low level, a good supply of water, 
good drainage, and easy access. In the 
earlier times of gas engineering it was 
thought desirable that the supply should 
be as near as possible to the centre of the 
consumption, but modern practice re- 
moves our gas works to remote distances, 
and some enthusiastic persons have even 
suggested the removal of the manufac- 
tories to the centres of our coal districts. 
Wild as this proposal seems, it might pos- 
sibly be realized, if cas and not LicguT was 
the product to be supplied; but if the 
public demand eas ticat, and not Lieut 
Gas, then the proximity of the works to 
the locality of the consumption must be a 
vital element in the economy of gas manu- 
facture. The longer the distance through 
which the gas has to travel before reach- 
ing the burner of the consumer, the 





quent on the increased consumption has 
stimulated inquiry to find a substitute for 
it, and this seems to have been accom- 
plished by Mr. McKenzie, whose process 
of mixing small coal with crude shale oil 
has been successfully adopted on a large 
scale at the Alliance Gas Works in Dub- 
lin. The small coal is well mixed with 
the oil in the proportions varying from 10 
to 30 gallons to 1 ton of coals. This is 
effected by means of a mixing or grind- 
ing mill. The compound material is then 
distilled in ordinary gas-retorts of clay 
or iron at a strong heat approaching a 
white heat. From a mixture of Llantwit 
small coal, costing 12s. 6d. per ton, with 5 
per cent. of Broxbourne shale oil, costing 
£5 per ton, the produce of the distillation 
of one ton of the mixture was— 

9,750 cubic feet of gas of 21.5 candles 
illuminating power. 

37 bushels of good hard saleable coke. 

2 bushels of breeze. 

11 gallons of tar. 

15 gallons of ammoniacal liquor of 5° 
twaddle. 

The cost of this mixture, including 
royalty, was about 17s. per ton against 
24s. for Wigan cannel, over which it has 
the advantage of at least 5s. per ton in 
the value of the coke, 
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‘ Two other new sources of supply of 
materials for producing gas of high 
illuminating power have been proposed— 
viz., New Brunswick albertite and Trini- 
dad bitumen. From the results of ex- 
eriments on the former made by Mr. 
om, at the Horseferry Road works of 
Chartered Company, it appears that the 
yield per ton is from 9,166 to 10,200 
eubic feet of gas, varying in illuminating 
power from 28.66 to 35.42 candles, from 
which quantity, however, 10 per cent. 
must be deducted in practical operations 
on a working scale, and the material is 
offered for sale in London at 37s. 6d. per 
ton. Trinidad bitumen does not present 
quite the same-advantages. When mixed 
with 80 per cent. of Newcastle coal the 
yield per ton, according to the joint ex- 
periments of Dr. Letheby and Mr. Keats, 
was 10,600 cubic feet of 17.6-candle gas, 
and it could be sold in London at from 
45s. to 50s. per ton. There is, however, 
the serious drawback to the use of Trini- 
dad bitumen that it contains a large 
amount of sulphur end water. 

The “ Mechanics’ Magazine,” refers to a 
number of successful experiments in this 
direction, but says we are making no 
practical progress; the companies are not 
taking up the new process, and the pub- 
lic are reaping no benefits. According to 
Mr. H. P. Stephenson, gas engineer, a 
mixture of 20 per cent. of bitumen with 
80 per cent. of Lord Belhaven’s main 
coal, distilled at a red heat, produced 
9,072 feet of 14-candle gas. Thus a coal 
which is unfit for the production of gas 
when carbonized alone is rendered useful. 
Some experiments carried out at the Wool- 
wich Arsenal Gas Works, with mixtures 
of coal and bitumen, showed that a mix- 
ture of 25 parts of bitumen and 75 of 
coal yielded at the rate of 9,856 feet to 
the ton of 20-candle gas. It was esti- 
mated that the cost of such gas to the 
consumer, the materials being furnished 
respectively at 32s. and 16s. per ton, 
would not exceed 3s. 7d. per 1,000 feet of 
gas sold. A long series of trials on a 
manufacturing scale, made by the Gas 
Committee of the City Corporation of 
London, and conducted by Professor 
Frankland, Mr Hughes, C. E., and Mr. 
Stephenson, C. E., showed conclusively 
that when the raw materials were supplied 
‘at the prices we have named, 20-candle 
gas could be sold at a large profit at 3s. 





7d. per 1,000 feet. Professor Odling has 
also made a series of laboratory experi- 
ments upon the use of bitumen for gas 
purposes, with highly favorable results. 
Other eminent men have also made trials 
which resulted most favorably. Where 
is the hitch? Are the gas companies 
enjoying too comfortable a monopoly to 
risk a change ? 

Gas as A Motrve Powrr.—The success- 
ful application of the explosive force of 
gas as a motive power opens an extensive 
field for the demand for gas for day 
consumption in manufacturing towns; 
and it is a matter of great surprise that 
gas companies have not made exertions 
to promote the use of the gas engines. 
Improvements have been made on the 
original form of the Lenoir engines by 
Messrs. Kinder and Kinsey, by which its 
power and efficiency have been consider- 
ably increased. 





OCOMOTIVE Corroyn Press.—Mr. C, 
G. Wilson, of London, has mounted a 
hydraulic cotton press upon a traction en- 
gine for service in India. The engine will 
be conveyed on a railway truck to the 
various stations on the line of railway in 
the cotton districts, where it will remain 
for sufficient time to press into bales the 
cotton stored there; when required, the 
engine will proceed by its own traction 
power to the depots in the great fields. 

The engine can also furnish power for 
other presses, mounted on a carriage 
without steam power, and may also be 
employed to drive cotton gins, etc., by 
means of belts. 

After describing the press in detail, the 
Mechanics’ Magazine” (October 16, 
1868), says: Unpressed cotton is so liable 
to be destroyed by fire, that one Indian 
railway company alone had claims amount- 
ing to £30,000 made upon it ina single 
year. Compressed cotton will not burn; 
therefore there can be no question that 
Mr. Wilson has, by the invention of this 
press, done much not only to facilitate 
the transport of cotton, but to cheapen 
that commodity in this country. 





[pews Construction.—A recent English 
patent specifies boats built of staves 
like a cask, with a central opening cut 
out and surrounded by a combing. 
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THE NITRATE OF SODA STEEI, PROCESS, 


HEATON’S PROCESS AND PLANT.—BESSEMER’S 
APPARATUS. 


The Heaton process of decarburizing 
cast-iron, says “The Engineer,” has for 
some time been employed on a manufac- 
turing scale with complete success at the 
Langley Mill Works, Nottingham, and is 
competent to make remarkably fine steel 
and “ steel iron,” from the very worst and 
most sulphur and phosphorus-charged 
“ makes” of iron in Great Britain, and in 
a word, to make excellent marketable 
steel from any “make” of pig iron that 
may be put into the Heaton converter. 

This process consists in the application 
to the molten crude iron, of a far more 
powerful and searching agent than heated 
air—namely, the nascent oxygen developed 
at the moment of contact between the 
molten cast-iron and such classes of salts, 
nitrates, etc., as yield oxygen under those 
conditions. The mere idea of decarbur- 


izing crude iron by the use of nitrates, is 
by no means novel. Notices will be found 
in many old chemical works of the reac- 
tions produced by nitre upon red-hot 


iron. 

Nitrate of soda is the form of nitre em- 
ployed by Mr. Heaton. It is not decom- 
posed in presence of fluid cast-iron with 
the same intense energy that nitre is, but 
still would prove an agent for the burn- 
ing out of the silicon, carbon, sulphur, 
phosphorus, etc., more or less unmanage- 
able, were it not for the extremely simple 
but beautifully effective apparatus in- 
vented for its application, and which con- 
stitutes, in fact, the essence of Mr. Hea- 
ton’s patents. The following is an out- 
line of the process and its results : 

Pig or other cast-iron, whatever be its 
quality, is melted in a common iron 
foundry cupola with coke fucl. The 
liquid iron in known mass—usually from 
aton at a time to perhaps hereafter as 
much as five tons—is tapped out into an 
ordinary crane ladle, and the latter is 
swung round to the side of the converter. 
The converter consists of a tall cylinder 
of boiler plate, open at bottom, which is 
supported at a certain height above the 
floor beneath it. This cylinder is lined 
with fire-brick, and above its upper part 
rises a cone and a funnel of plate iron, 
freely open at top. To the bottom ofthe 
cylinder any number in succession of 
short nearly cylindrical pots lined with 





brick and fire-clay, and in form very like 
crane ladles, are adjustable by simple 
means. Into the bottom of one of these 
pots a known weight of crude nitrate of 
soda of commerce is put ; the surface of 
the gross powder is levelled and covered 
by a pretty thick circular plate of cast- 
iron, perforated with many holes, which 
lies by its own weight upon the top of the 
nitrate. One of these pots thus prepared 
having been adjusted to the bottom of the 
cylinder, the converter is now ready for 
use. At one side of the cylinder de- 
scribed, is a sort of hopper funnel, covered 
by a loosely hinged flap of boiler plate. 
This plate is raised, and the ladle full of 
liquid cast-iron is at once poured into the 
converter, and so descends right down 
upon the top of the cold cast-iron per- 
forated plate. The plate does not float 
up nor become displaced, nor does any 
action become apparent for some minutes, 
while the plate is rapidly acquiring heat 
from the fluid iron above it, and the 
nitrate getting heated by contact with it. 
What follows we may describe in Profes- 
sor Miller’s own words, from his personal 
observation and report :—“In about two 
minutes a reaction commenced; at first a 
moderate quantity of brown nitrous fumes 
escaped ; these were followed by copious 
blackish, then gray, then whitish fumes, 
produced by the escape of steam, carry- 
ing with it, in suspension, a portion of 
the flux. After the lapse of five or six 
minutes deflagration occurred, attended 
with a roaring noise and a burst of a 
brilliant yellow flame from the top of the 
chimney. This lasted for about a minute 
and a half, and then subsided as rapidly 
as it commenced. When all had become 
tranquil the converter was detached from 
the chimney, and its contents were emp- 
tied upon the iron pavement of the 
foundry. These consisted of ‘ crude steel’ 
and of slag. The ‘crude steel’ was in a 
pasty state, and the slag fluid; the cast- 
iron perforated plate had become melted 
up and incorporated with the charge of 
molten metal.” 

The first product of the Heaton pro- 
cess, which he denominates “ crude steel,” 
is in reality malleable iron of the very 
purest and finest quality. The broken up 
lumps of this material, direct from the 
converter, only require, after they have 
been “patted” or squeezed under the 
“shingling hammer” to condense their 
spongy texture, to be heated again ina 
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common “ balling furnace,” and rolled at 
once into bars, or forged or rolled into 
any desirable form. In this state the 
material is very unhappily called by the 
inventor “steel iron.” It has but little 
pretensions to be called so; it scarcely 
perceptibly hardens in water. What it 
really consists of is crystallo-fibrous 
wrought-iron, almost absolutely sulphur 
and phosphorus free, of great strength 
and toughness, and for every structural 
purpose equal to the renowned wrought- 
iron produced at Lowmoor and Bowling 
works. It welds perfectly; it is tough 
both hot and cold, neither red-short nor 
cold-short, and forges beautifully at both 
the test temperatures for iron—a low red, 
and a clear yellow heat. 

The “steel iron” is itself of course 
a valuable material ready for market. 
From this material it is, that Mr. Heaton 
makes his cast-steel, that is, before it has 
been subjected to any rolling, while in the 
state merely of “ crude steel,” patted into 
cakes by the shingling hammer. These 
cakes are broken up, put into ordinary 
clay melting pots of the usual size, hold- 
ing about 60 pounds each. To each 100 


pounds of the material, about 2} pounds 
or 3 pounds of spiegeleisen, or its equiva- 
lent of oxide of manganese and a little 
charcoal, are added, and the whole is 
fused and cast into the ordinary ingots of 


iron. It is now excellent cast-steel, and 
when the ingots have been tilted in the 
usual manner, cast-steel bars are produced 
fit for any uses to which steel is at pres- 
ent applied. Such is the Heaton process; 
its simplicity and directness need no com- 
ment to those acquainted with ordinary 
iron and steel making. 

The following analyses of the iron 


treated, and the resulting products are | g18 


from Dr. Miller’s official report: 








Crude, 
Steel (7). 


Bar. 


Cupola, 
Steel (8). 


Pig (4). 


0-993 


0-149 
traces. 
0-292 
0-024 
0-088 





1-800) 


0-266 
0-018 
0-298) 
0-039 
0-090) 
0-319} 0-310 
0-144) traces. 
97 026) 98-144 


100-000, 100-000 


2-830 


2-950 
0-113 
1-455 
0-041 
0-318 


Silicon, with a little 


Sulphur 
Phosphorus. 
Arsenic 





92-293 
100-000 


Iron (by difference). . 

















The report also says: The chemical 
principle appears to be good, and the 
mode of attaining the result is both sim- 
ple and rapid. The nitric acid of the 
nitrate in this operation imparts oxygen 
to the impurities always present in cast- 
iron, converting them into compounds 
which combine with the sodium, and 
these are removed with the sodium in the 
slag. This action of the sodium is one of 
the peculiar features of Heaton’s process, 
and gives it an advantage over the oxid- 
izing methods in common use. 

Upon the appearance of the foregoing 
in “The Engineer,” the London profess- 
ional papers contained many comments 
by editors and correspondents, the gist of 
which areas follows. “The Engineer” says: 
Mr. Bessemer, in one of his patents, long 
ago claimed the use of any solid substance 
capable of evolving oxygen for the con- 
version of iron into steel;.and if such a 
claim could be maintained, as we presume 
it might be, the nitrate process would be 
no more than a modification of Mr. Bes- 
semer’s better known system of compress- 
ed air jets. But if it be proved to have 
the distinctive power of removing phos- 
phorus, it takes a still higher rank. 

Professor Miller states that pig iron, 
containing 1.455 per cent. of phosphorus, 
loses all but 0.298, or say ;3,ths per cent. 
in the nitrate converter. Yet of the 2.83 
per cent. of carbon in the same pig iron, 
but 1.03 per cent. was removed, and 1.8 
per cent. remained, and there remained 
also 0.266 per cent. of silicon, besides 
small quantities of sulphur, arsenic, cal- 
cium, sodium, etc.; so that the pure iron 
remaining was but 97.026 per cent., where- 
asin good steel it should be nearly, or 
quite, 99}. Every competent metallur- 
ist will at once percieve that this so- 
called “crude steel” is very crude indeed 
—that it is, in fact, only comparable to 
half puddled iron, long before it has come 
to nature; and any one who has paid the 
least attention to the chemical composi- 
tion of steel must be aware that samples 
containing 1.8 per cent. of carbon are 
wholly unfitted for any purpose to which 
steel is applicable. ; 

Mr. Robert Mushet says: The Bessemer 
process converts melted cast-iron at once’ 
into steel, keeping that steel liquid until it is 
poured into ingot moulds forming ingots 
fit for drawing or rolling out into bars of 
cast-steel. The Heaton process takes 
melted cast-iron and treats it with ni- 
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trate of soda in a converter, and the re- 
sult of this treatment is to deprive the 
cast-iron of much of its carbon, in con- 
sequence of which, as there is not, as in 
the Bessemer converter, any means of in- 
creasing the temperature, the iron assumes 
a pasty condition, and is emptied out on 
the floor in place of into ingot moulds. 
Scarcely so direct this as the Bessemer 
process. But now comes the cream of the 
joke. The pasty stuff turned out on the 
floor is, as Mr. Heaton properly terms it, 
“crude steel.” (Mr. Mushet then goes 
on to show that it is very crude, as above 
explained—too much carbon and _ phos- 
phorus.) Some of this pasty matter, 
which had been “patted” or squeezed 
into cakes, I found could not be forged 
at any temperature, far less would it 
weld ; and when melted in crucibles, 
it proved considerably inferior to or- 
dinary Bessemer scrap steel, for the 
manufacture of cast-steel. Dr. Miller 


also states that the maximum amount of 
slag from the converter did not exceed 23 
per cent. of the weight of the metal 
charged. Where did it come from, if even 
20 per cent. ? 

Mr. Mushet concludes: No one has ever 


doubted that nitrate of soda will eliminate, 
more or less, sulphur and phosphorus 
from cast iron, but as it does not generate 
a lasting and progressively increasing 
temperature, thereby rendering the puri- 
fied metal fluid so that it can be cast 
into ingots, it follows that the Heaton 
process can never compete with the Bes- 
semer process. 

Mr. Ferd. Kohn says: The conclusions 


arrived at by Professor Miller are not in | 


accordance with the theory originated, I 
believe, by Dr. Percy, and now adopted 
by the majority of metallurgists, viz., that 
the presence of alkaline or other basic 
matter during the process of decarburi- 
zation has very little effect or influence 
upon the removal of phosphorus in the 
shape of phosphoric acid, but that the 
phosphorus is separated from the iron as 
phosphide of iron. This phosphide of 
iron is liquid at a temperature at which 
the malleable iron solidifies, and can there- 
fore be mechanically separated frum the 
iron by hammering or squeezing. Mr. 
Kohn then proceeds to show that Profes- 
sor Miller has only accounted for 8 out 
of the 15 pounils of phosphorus that dis- 





| 
| 


described. The 8 pounds were found in 
the slag. The remainder must have been 
squeezed out by the subsequent hammer- 
ing and rolling, just as it would be inthe 
treatment of puddle balls. 

Another correspondent of “ Engineer- 
ing” says, that as some 3} ewt. of nitrate 
of soda, at £10 per ton, are required for a 
ton of crude “coke” produced, he does not 
see the advantage in buying pig iron, say 
30s. cheaper than Bessemer pigs, and then 
spending 38s. worth of nitrates for bring- 
ing out a material which is certainly not 
as pure as hematite pigs after all, and 
which you must scrape together from the 
floor of your forge in order to get it into 
anything like a workable state by a second 
process. 

In a paper read by Mr. John Gjers be- 
fore the Cleveland Institution of Engi- 
neersin April last, it is stated that sev- 
eral patents existed before either Mr. 
Heaton’s or Mr. Hargreave’s time, for the 
use of oxidizing salts, amongst which ni- 
trates are named; and in the patent grant- 
ed to Knowles, dated July 10, 1857, No. 
1,921, nitrate of soda is specially claimed 
for refining iron, by pouring melted pig 
iron upon the salt in a ladle. This patent, 
as well as other patents for the use of 
nitrates, and almost every other oxidizing 
salt, applied both in separate vessels and 
in the puddling furnace, are now expired, 
and consequently public property. This 
paper also states, that as a result of ana- 
lyses, this metal comes very far short of 
what was pretended, as nearly the whole 
of the phosphorus, the greater part of the 
carbon, and a considerable quantity of 
silicon is left in the metal, and very little 
in the slag, and that it is in every respect 
considerably inferior even to common re- 
fined plate. 

An apparatus has recently been patent- 
ed by Mr. Henry Bessemer for following 
out his early propositions of decarburizing 
iron by the use of substances capable of 
evolving oxygen, this apparatus being 
practically applicable for the use of ni- 
trates, or chlorates of soda or potash and 
other salts, which evolve oxygen gas when 
heated. 

One method of conducting this process 
is to place beneath the molten iron a per- 
forated case capable of bearing a high 
heat, and containing the nitrate of soda 
or other solid matter. The heat of the 


appeared from the iron in the operation molten iron causes the nitrate to liberate 
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oxygen, which forces its way through the 
perforations in the case, and it issues into 
and amongst the particles of the molten 
iron, as when air is forced through the 
tuyeres in the ordinary way of conducting 
the Bessemer process. Mr. Bessemer’s 
specification says: It is advantageous to 
use a converting vessel like that which is 
usually employed. I replace the tuyere 
box by a case of chamber lined with re- 
fractory material, and filled with the 
nitrate of soda or other material capable 
of evolving oxygen, and closed at the top 
with a perforated firetile. I make the 
case of such dimensions that the area of 
the surface of the nitrate is but small as 
compared with the area of the principal 
horizontal section of the metal in the con- 
verting vessel. In this way I both modify 
the intensity of the action and also pre- 
vent the rapid scoring action which would 
result from the passage of the gas between 
the metal and the sides of the vessel. 
Also in order to render the action more 
regular I fuse the nitrate and cast it into 
the case or chamber, and there allow it to 
solidify. The melted metal is then effect- 
ually prevented from acting on more 
than the upper surface of the cast block 
of nitrate ; or in some cases I mould the 
nitrate into blocks under heavy pressure 
before inserting it into the case or cham- 
ber, and the violence of the action of the 
nitrate may be reduced by mixing dry 
clay or other inert matter with it. 

The invention also provides a means of 
forcing fluid nitrates into the converter, 
through the openings in a small central 
tuyere placed at the bottom of the con- 
verter instead of the ordinary tuyere box. 
A case containing the nitrate is attached 
to the converter and surrounded with an 
annular case, Into this annular case air 
or steam heated sufficiently to keep the 
nitrate fused, is forced by a pipe from the 
hollow trunnion in the ordinary manner. 
Below the chamber containing the nitrate, 
is a 4-way cock arranged to let air from 
the trunnion to the tuyere, for the pur- 
pose of heating the converter as usual, 
and also for the purpose of keeping the 
fluid iron out of the tuyere when the con- 
verter is turned up to blow, and the 
tuyere is thus brought beneath the fluid 
iron. By turning this 4-way cock when 
the converter is up, the air from the trun- 
nion is shut off from the converter, and 
at the same instant let into the chamber 





containing the nitrate, while through the 
other passage in the 4-way cock, the 
bottom of the chamber containing the 
nitrate is connected with the pipe leading 
to the tuyere. Thus by the operation of 
turning the cock, air is shut off from the 
tuyere and nitrate forced into it, and thus 
into the molten iron in the converter, 
where the conversion proceeds in the or- 
dinary manner. 

A still later apparatus, patented by Mr. 
Bessemer, is illustrated in “ Engineering,” 
Nov. 13. The plan consists in forcing or 
injecting into molten crude iron streams or 
jets of fused fluid nitrate of soda or nitrate 
of potash; the streams or jets of fused or 
ffuid matters are projected downwards at 
any desired angle from nozzles or tuyeres, 
the orifices of which are situated above 
the mean level or upper surface of the 
fluid iron to be operated upon, a portion 
of the said fused or fluid matters, as well 
as a portion of the cinder or oxides pro- 
duced in the process, being again carried 
down into the molten metal as an induced 
current caused by the passage of the jets. 

The process may be carried on in the 
ordinary converter, or in the hearth of a 
finery furnace. When employing such a 
furnace, Mr. Bessemer arranges a set of 
air tuyeres along one side for melting the 
pig metal and partially refining it; and on 
the other side of the hearth he employs a 
separate set of tuyeres or nozzles for the 
purpose of injecting the aforesaid fused 
or fluid matters into the molten iron. The 
process in this finery furnace may be dis- 
continued while the metal is in the con- 
dition of highly refined cast-iron ap- 
proaching to steel, or it may be continued 
until a more or less perfectly malleable 
metal is obtained suitable for melting in 
crucibles, or otherwise to form steel, or 
the metal may be allowed to granulate or 
assume a more or less solid condition, 
with or without manipulation with an iron 
bar or rabble, and be removed from the 
finery furnace in a condition to be formed 
into bars or blooms. The process may also 
be carried on in a reverberatory or pud- 
dling furnace heated by solid fuel, or by. 
means of heated air and gas. 

In carrying out the above process Mr. 
Bessemer prefers to melt the nitrate of 
soda, nitrate of potash, or other fusible 
matters in a jacketted iron vessel by 
means of highly-heated atmospheric air 
or superheated steam, and to use the press- 
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ure of such air or steam to act on the 
surface of the fluid matters, in order that 
they may thus be driven downward upon 
the fluid metal with such forceas to pene- 
trate far into the molten mass, and put 
the latter into rapid motion, and thus in 
turn bring all parts under operation. This 
motion in cylindrical vessels is best at- 
tained by placing the jet pipes at a tan- 
gent to the circumference. 





RAILWAY NOTES, 


Rariway Prooress in THE Unirep States. 
—In 1865, the first 40 miles of the Union 
Pacific Railroad were laid; in 1866 there 
were constructed 265 miles; in 1867 a 
further length of 245 miles, and to Novy- 
ember 1, in 1868, there had been con- 
structed 330 miles, or, in 4 years, 880 
miles. The total length of the road is 
1,657 miles. The Central Pacific, not- 
withstanding the intervention of the 
Sierra Nevada, has progressed with equal 
rapidity; and the Union Pacific (E. D.) 
was, November 1, im operation from 
Kansas City to Sheridan, 405 miles. Rail- 
road construction in the States east of 
the Mississippi and west of Pennsylvania 
has been during this period as follows: 








Mrtzs or Roap, 





1868, 


1,680 
1,200 

560 
1,200 
3,400 
0} 1,260) 
2,600) 
3,340) 


15,110) 


Incr, 


830 











12,300 














Thus in these 8 States in 4 years 
nearly 3,000 miles of new railroad have 
been laid and millions of dollars expended, 
not only on these, but also in improving 
‘previously existing lines. The total in- 
crease in cost has been nearly $200,000,000, 
or about $15 per head of the population. 

Among the principal railroads in pro- 
gress, or constructed in the four years re- 
ferred to, the following are the most im- 
portant: 

In Iowa: the Iowa division of the 


| 





Chicago and Northwestern, the Iowa 
division of the Chicago, Rock Island, and 
Pacific, the Burlington and Missouri 
River, the Sioux,City and Pacific, and the 
St. Joseph and Council Bluffs. By the 
time that the Pacific Railroad is com- 
pleted, the Rock‘Island and Burlington 
lines will have reached the Missouri. 

In Missouri: the Pacific of Missouri, 
and the extensions of the North Missouri 
towards Iowa and the Missouri River. 
The Southern Pacific is also being ex- 
tended southwest, and the St. Louis and 
Iron Mountain south, the latter to a con- 
nection with the Southern railroads at 
Columbus, Ky. The St. Joseph and 
Council Bluffs Railroad has also been 
completed to a connection with the Iowa 
Railroad of the same name, giving St. 
Louis an indirect route to Omaha. 
Several other roads are projected to con- 
nect with the Union Pacific Railroads. 

In Minnesota: the Milwaukee and St. 
Paul, the Winona and St. Peter, and the 
Minnesota Valley. Considerable progress 
has also been made in the first division of 
the Pacific Railroad and its branch north 
to Watab has been opened through. 

In Illinois: the St. Louis, Jacksonville, 
and Chicago, which gives another connec- 
tion to the Illinois Central. The Rock- 
ford, Rock Island, and St. Louis is now in 
course of construction, chiefly as a mineral 
road, and designed to supply coal to rail- 
roads, ete. The St. Louis, Vandalia, and 
Terre Haute, and the Cairo, Mound City, 
and Vincennes are also in progress, with 
a view to their early completion. 

In Michigan: the Jackson, Lansing, 
and Saginaw, and the Flint and Pere 
Marquette, are the principal new construc- 
tions. There is also being constructed a 
more direct line between Port Huron and 
Chicago, known as the Air-line. The 
Grand River Valley Railroad is approach- 
ing completion. 

In Indiana: the Columbus and Indiana 
Central Railroad has completed a line 
from Union City to Logansport, and con- 
solidated into itself the Chicago and 
Great Eastern, the Indiana Central and 
the Logansport and Burlington. There 
is also being built a line from Indianapolis 
to Vincennes to connect with the road to 
Mound City and Cairo; and several other 
lines are projected. 

And in Ohio: several short lines, 
chiefly auxiliaries of existing lines. In 
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this State several important consolida- 
tions have been effected. 

Further east the principal developments 
have been rather imprevements than new 
works. In New York the Brie is having 
a third rail laid to accommodate the nar- 
row cars. The Hudson River has com- 
pleted its second track, etc. The lines in 
progress from the Hudson have chiefly a 
northwestern direction, and will connect 
with the Central, the Midland being the 
most important. In a few years the Bos- 
ton, Hartford, and Erie, will continue the 
Erie Railway to Boston. In the city of 
New York the depot and warehouse ac- 
commodation has been largely extended. 
In Pennsylvania, especially in the eastern 
portion, the extension of roads is being 
rapidly carried on, the objective points 
being Easton, on the Delaware, and New 
York city. In the southwest of the State 
the construction of the Pittsburg and 
Connellsville Railroad to a connection 
with the Baltimore and Ohio is being car- 
ried on actively. New Jersey has also 
made extensive improvements in its rail- 
roads and accommodations for an in- 
creasing traffic. The works at Hoboken, 
Jersey City, Communipaw, and Elizabeth- 

ort are among the most extensive in the 

nited States. In the Delaware peninsula 
railroad building is very active; and 
Maryland is connecting Baltimore more 
firmly with both East and West.—Hunt’s 
Merchants’ Magazine. 


Intsh Rartways.—The total completed 
length of railwaysin Ireland is 1,908} miles 
of which there are 1,408 miles of single 
track, and 500} miles of double line. The 
length of railways in hand, and not yet 
finished, is 252 miles, and 339} are au- 
thorized, but not yet commenced. Of 
the first, the principal are the Great 
Southern and Western line, with a length 
of 165} miles, and 253} miles of branches, 
connecting Cork with Dublin; the Great 
Northern and Western, 82? miles long, 
starting from Westport and ending with 
a junction at Athlone, with ashort branch 
connected with the Great Southern and 
Western; the Midland Great Western, 
crossing the island from Galway to 
Dublin, with a length of 126} miles of 
main lines and 120 miles of branches; and 
the Dublin, Wicklow, and Wexford Rail- 
way, with 98} miles of main and branch 

nes, 





On all these railways the bridge rail 
is the section principally employed, the 
mileage of flat-footed permanent way 
being 7127; of double-headed rails 308; 
and bridge rails 1,7504, which, together 
with 37 miles of various other sections, 
make a total of 2,408} miles. The bridge 
section is, however, being abandoned, as 
is evidenced by the fact that only 6 of 
the different railway companies are 
adopting them for the permanent way 
renewals. The Great Southern and 
Western, who have hitherto employed 
rails weighing 80 and 90 pounds to the 
yard (the heaviest section in Ireland), 
are now replacing them with flat-footed 
rails. 26 other railways are following 


the example, while 6 companies are again 
employing the double-headed line. 


Hoostc Tunnet Nores.—The work un- 
der the old contract has practically 
ceased, and it will not be renewed until a 
contract such as the last Legislature pro- 
vided for is made and accepted by the 
Governor. The “Springfield Republican” 
says : We believe that the faith and hope 
in which the good people of the State 
have carried on the work, is fast break- 
ing down. The tide is turning against 
the expenditure of any more of the peo- 
ple’s money in that work. They say, 
“Tf it can be done, why will not the Fitch- 
burg and the Vermont and Massachu- 
setts railroads, which will most profit by 
it, and eventually will own it—why will 
not these corporations undertake the 
job and spend their own money in it? 
If they won’t, we won't.” 

The condition of the work is as follows: 
On the east side the penetration reaches 
1 mile through solid granite; the full- 
sized tunnel less than 4 a mile. The 
central shaft is sunk about 600 feet, and 
has 400 more to go. It is elliptical, 27 x 
15 feet. On the west side the tunnel 
reaches 700 feet through quicksand and 
rotten stone, and is lined with brick. The 
west shaft is done, and the tunnel is 
driven from it 1,500 feet to the east, and 
1,000 feet to the west. The entire length 
of the tunnel will be 43 miles, of which 3 
are yet to be excavated. 


Micntaan Can Worxs.—The buildings 
of the Company at Detroit cover 4 acres. 
The specialty is freight cars. The num- 
ber of hands is 150; the capital $100,000. 
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Ramway Construction.—The following | lay 5 or 6 miles per day—or 12 times as 
bits of high science are from a series of | fast as by hand. 
articles in a London technical paper.| The machine is a car 60 feet long and 
Speaking of sleepers: In America that! 10 wide. It has a small engine on board 
kind of pine known as “Hemlock,” or | for handling the ties and rails. The ties 
“Hemlock Spruce,” has been found the | are carried on a common freight car be- 
best, although with such a choice of tim-| hind, and conveyed by an endless chain 
ber, white oak, —— and all sorts of | over the top of the machine, laid down in 
wood are used. Sleepers must always their places on the track, and when 
be straight, and of an uniform size, for; enough are laid a rail is put down on 
otherwise the bearing or rather the run- | each side in proper position, and spiked 
ning, would be commensurately imper-|down. The track-layer then advances, 
fect, or “poor,” as it is called. As to im- | and keeps on its work until the load of 
proved rails: Rails should be made of} ties and rails is exhausted, when other 
puddled iron, that is, iron into which at-| car-loads are brought. The machine is 
mospheric air has been es by | driven ahead by a locomotive, and the 
stirring or “ puddling” with a rod whilst| work is done so rapidly that 60 men 
in a soft state. We most of us know the | are required to wait on it. 
mode of annealing, or rendering brittle 
iron wire soft, so that it will bend with-| Brmema@ tae Connecticut River.— 
out breaking—namely, by heating and} Messrs. A. D. Briggs & Co., of Spring- 
allowing it to opty — words, ex-| field, Mass., have made a contract with 
posing it when hot to the air. Thisisaj|the Shore Line Railway Company to 
simple thing enough, and the principle | build the drawbridge across the Connec- 
npon which it is done forms the basis of | ticut River at Lyme. The bridge is to 
Bessemer’s steel. (!) consist of 5 spans of 175 feet each, 3 of 
which will be east of the draw and 2 west. 

Execrric Repeaters ror Ramway Sic- | The length of the draw is to be 275 feet, 
nats.—On several of the English rail- | and allowing 35 feet for the central pier 
ways, the proper condition and working | leaves 120 feet clear. The piers are to 
of distant signals is made known to the | be made of cast-iron cylinders, each cyl- 
signalman in the station by electric “re-|inder to be driven over a cluster of 
peaters.” By means of a very simple ar-| 12 piles, and the interstice filled with 
rangement—lIst, the raising or lowering | concrete. The draw is to be of iron, and 
of the signal makes or breaks a circuit | the rest of the bridge will be constructed 
which shows or repeats the same opera- | on the Howe plan. The cost of the whole 
8 ~ . — of the — in the = —— will be about $200,000.—Rail- 
ion. e wire or other apparatus | way Times. 
leading from the station to the signal is 
out of order or fails to work from any} Onto Brings at Lovisvitte.—The iron 
—_, the model also fails to work, and | railway bridge now in course of construc- 
he danger is at once discovered ; 2d, at | tion between Louisville, Ky., and Jeffer- 
night, - light - the signal is arranged | sonville, Ind., willbejust 1 mile in length. 
0 heat a piece of iron above it. If the | It will have 24 spans; 2 of these will be 
light goes out, the piece of iron cools, | 370 feet each, and 6, 245.5 feeteach. Ex- 
an breaks : — which a Tey = “y oy —_— _ — 

vers up or puts out a corre-| will be placed on the tops of the gird- 
sponding light in rhe wnt station. A| ers, hs being of the dune known Sie 
similar apparatus could be well, and in the | Fink truss. The estimated cost of this 
long run economically applied to testing | bridge, which is to be completed by Sep- 
the condition of switches where trains | tember 1, 1869, is $1,600,000. The chief 
have to pass them at speed. engineer of the work is Mr. Albert Fink, 
a a - - assistant engineer, Mr. F. W. 
_ ata - .—Thi chi aughan. 
is said to have laid from 1 to 2 miles of ‘i 
track in 12 hours on the Vallijoand Sacra-} Cuatcaco River Tonnet.—This work is 
mento Railway. The contractor is of the| approaching completion, and is to be 
opinion that it may be so improyed as to' opened in the spring; cost $500,000. 
Vor. L—No. 1.—6 
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Peat ror Locomotive Furr.—The fol- 
lowing is the report of a commission sent 
out by English capitalists to test the value 
of peat as a fuel for the purposes of run- 
ning the Grand Trunk Railway in Can- 
ada : 

Number of milesrun by train.... 683 
Aggregate distance run by all the 

15,267 

Average number of cars per train 22.4 

Peat consumed, in pounds 48,475 

Wood, in pounds, for same work 105,187 
Number of miles run per ton of 

31.6 


p 
Number of miles run per cord 
maple wood 27.6 
Experiment in favor of peat, 14 per cent. 


A Ratmroap Qvestionx.—The Grand 
Trunk Railroad being in a state of com- 
plete wreck, owing to the miserable mis- 
management and corruption that has pre- 
vailed in its direction, the question is 
whether the railway commissioners, 3 in 
number, who are appointed by the State 
to make frequent inspections of the track 
and of the service of the railways, and to 
report all defects and abuses to the proper 
authority, are liable criminally on indict- 
ment for murder, as accessories before 
the fact, should death result from the 
running of trains over roads left in such 
a condition by their negligence.—Spring- 
jield Republican. 


Aw Unpercrounp Ramway rn Parts is to 
be built, more with the view of bringing 
in market produce from the suburbs than 
for the purposes of passenger trafic. It 
is to start from the Halles Centrales, at 
the extreme end of the Rue St. Honoré, 
and take the line of the quays as far as 
St. Cloud, whence it will proceed to La 
Marche, famous for its steeplechases, 
where an immense station is to be con- 
structed, which will form the starting 
point of a new circular railway passing 
entirely round Paris at several miles dis- 
tance.—Railway News. 


Srravtar Ramway Accipent.—A 1,600 
feet tunnel on the Marietta and Cincinnati 
road, caved very badly during excava- 
tion, and was filled in, over the arch, 
with 8,000 cords of wood (!), which re- 
cently took fire, burned the stone to 
lime, and filled up a great part of the 
tunnel. 





Tue Gavce Qoestion.—The laying of a 
third rail for narrow gauge trains, through- 
out the length of the Erie road, is said to 
be decided upon. Engineers long since 
estimated that the saving of expenses on 
the narrow gauge, would, in say 30 years, 
pay for the change of track and equip- 
ment. But it is possible that the intro- 
duction of steel rails will enable the wide 
cars to carry weight in proportion to 
their width without injury to the perma- 
nent way, and that the railway of the 
future will be wider than 4 feet 8} 
inches. 


New Rarroaps mx Grore1a.—State aid 
having been granted, the “ air line” road 
from Atlanta to Charlotte, N. C. (travers- 
ing the gold belt), is likely to be built. 
The Northeastern road, connecting At- 
lanta (and Augusta) with the Tennessee 
roads, is also being pushed forward. The 
Macon and Brunswick road is nearly 
completed. Branches of the Southwest- 
ern, through the fine cotton region, are 
also in progress. 


New Rarmway across Ecyrt.—The new 
route by rail from Alexandria to Suez, 
by way of Zagazig, was opened in Octo- 
ber. The former route by rail was from 
Cairo to Suez, the distance from Alexan- 
dria to Cairo being traversed by canal 
and the Nile, or by rail; but this making 
a considerable detour, and lengthening 
the journey. The entire length of the 
new route is 85 miles. 


Insurance Ticxets.—As long as cars are 
warmed by coal stoves, and combustibles 
are mixed up with general merchandise, 
passengers should provide themselves 
with stamped and directed envelopes, buy 
insurance tickets at stations, and post 
them to their friends before consigning 
themselves to etc., etc. Otherwise their 
evidence of insurance will be burned up 
with them. 


Pennsyivanta RaruroaD ManaGEMENt.— 
“The watchful forethought which pro- 
vides for every emergency, and the energy 
with which all works essential to the ac- 
commodation of the public on this road 
are prosecuted,” is the just comment of 
the “Railway Times” on the rebuilding 
of 5 spans of the Harrisburg bridge in 
12 days. 
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QuaprurLE Tracks.—The Midland Rail- 
way has 4 lines of rails from London 
to Bedford. The North-Western has 3 
lines for 46 miles out of London, and the 
Great Northern will soon have 3 lines for 
22 miles. 


Tur New Haven anp Nortuamprton R. R. 
Co. at the expiration of its lease to the 
New York and New Haven, in June, 1869, 
will equip it with new material through- 
out, and will extend the Collinsville 
branch to New Hartford. 





OBSERVATIONS ON THE WOOLF ENGINES 


RECENTLY INTRODUCED INTO THE FRENCH 
NAVY. 


BY VICE-ADMIRAL LABROUSSE. 
Translated from Annales du Génie Civil, 


Nore sy THE Eprror or “ ANNALES DU 
Ginre Crvm.”—A question of great im- 
portance is agitated in the Special Com- 
missions of the Marine; that is, the adop- 
tion of a better type of engine for the 
vessels of the fleet. This question also 


touches so very nearly the interests of 
the commercial marine, and the great 
works for the construction of steam en- 
gines, that we cannot neglect this occasion 
to make known to our readers the differ- 
ent opinions held by men whose opinions 
and works have greatly contributed to 
place our marine in the first rank. 

We repel. the idea that in such grave 
circumstances, in which it is proposed to 
render general a system, good or bad, 
which involves the outlay of many mil- 
lions, personal influence can prevail, and 
an erroneous system be adopted, because 
it comes from a high quarter, with the 
prestige of a name that generally is ac- 
cepted as a guaranty of truth. To aban- 
don frankly a theory when facts demon- 
strate that it does not realize the results 
expected from it, is a rule of conduct 
among engineers who are ambitious to 
achieve real progress rather than momen- 
tary celebrity. The real progress is gen- 
erally attained by experience gained in 
contending with the practical difficulties 
that are met in attempting to carry out 
theories. 

In publishing (April, 1867) the paper 
read before the Academy of Sciences by 
Mons. Dupuy de Léme, and in publishing 





now that by Vice-Admiral Labrousse, we 
give our readers the means to form a 
clear opinion of the two systems which 
are placed in competition. We think, 
with the majority of competent judges in- 
terested in the question, that the Woolf 
system, applied to marine engines, has no 
advantages, and many inconveniences; 
and, without adopting the violent criti- 
cisms which the English engineer Burgh 
has made on the engines of the “ Fried- 
land,” in the “Engineer” of August 23, 
1867, we think that the paper of Admiral 
Labrousse, by its numerical results, sus- 
tains the conclusions of Burgh. 

The “Friedland’s” engine has three 
cylinders operating on cranks 90° and 
135° apart. In the middle cylinder the 
steam is at full pressure, for .8 of stroke, 
and is then cut off. It is exhausted into 
the two other cylinders of the same size; 
and when released from them into the 
condenser, it has double its initial volume, 
and half its initial pressure. The cylin- 
ders are 84 inches diameter and 52 inches 
stroke, and work at 56 turns per minute; 
and the mean pressure in the high-press- 
ure cylinder is computed at 33 inches of 
mercury. 


Osservations oF Apmirat Laprovsse.— 
Several journals have published a note 
of Mons. Dupuy de Lome on the engines 
with 3 equal-sized cylinders, with steam 
direct from the boiler admitted into only 
1 of them, which note had been communi- 
cated by him to the Academy of Sciences. 
Though that note contains, on several es- 
sential points, and even principles, asser- 
tions in which we think there are grave 
errors, we should abstain from examining 
it critically if the question had not a 
serious importance in relation to our na- 
val material, and the precedents it might 
establish were not likely to be too much 
relied upon. 

In July, 1863, a commission, composed 
of Vice-Admiral Labrousse, president; 
Mons. Sabattier, engineer of the marine; 
Mons. Guesnet, sub-engineer of the ma- 
rine; and Mons. Testard du Cosquer, 
lieutenant, was directed to make compar- 
ative experiments on the engine with 
3 cylinders, and on the ordinary engine 
with 2 cylinders. 

These experiments had great interest; 
for it was desired to know whether to 
commit the imperial marine definitely to 
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the 3-cylinder system, as applied in the 
Friedland, or 3 cylinders acting inde- 
pendently ; or to adopt in 2 other frigates 
then in progress, ordinary 2-cylinder en- 
gines of equal power. 

The duration of each experiment was 
12 hours. Dispositions were made to 
work the engines either in the way for 
which they were constructed, with steam 
admitted directly into only 1 cylinder, 
or in the ordinary way. In the latter 
case, the ports of the middle cylinder were 
stopped, and the valve removed, so that 
the steam could go directly to the outside 
cylinders after passing through the valve- 
chest of the middle cylinder. The engine 
was thus transformed into an ordinary 
2-cylinder engine, but with some disad- 
vantages attendant. Ist, that the steam 
on its way to the cylinders had to circu- 
late in the pipes and valve-chest of the 
middle cylinder; 2d, that they had to work 
2 cranks set 120° apart, instead of 90°. 
The experiments were made alternately, 
with the machine in its normal condition, 
and thus transformed. All precautions 


suggested by experience were taken to 


arrive at results as minutely exact as 
possible. 

The general result of the trials was an 
economy of 3 per cent. of the fuel in 
favor of the new system. But in the 2 
last trials which the commission deemed 
more comparable between themselves, 
this economy rose to 7 per cent. 

Being directed to express its opinion 
on the comparative utility of the 2 ma- 
chines for use in war vessels, the com- 
mission, after balancing their advan- 
tages, decided in favor of the 3 cylin- 
ders. But, notwithstanding the saving of 
7 per cent. of the fuel, they advise that in 
the 2 vessels of 1,000 horse power about 
to be engined, the 3 cylinders should be 
arranged to work independently, but 
capable of rearrangement to work on the 
Woolf system, if new experiments on a 
larger scale should show farther advan- 
tages in that system. 

In consequence of that advice the en- 
ines of the Gauloise and the Revanche 
ave been constructed with 3 independent 

cylinders, with provisions for making the 
change suggested. 

The note cited presenting, as an impor- 
tant progress, the use of “ engines with 3 
equal cylinders with steam admitted 
directly into only 1,” of which the en- 





gine of the Loiret presents the first speci- 
men, there may be a disposition to con- 
clude that the commission has erred in 
its appreciations; and that in recommend- 
ing engines with 3 cylinders of the type 
of the Gauloise in preference to those of 
the type of the Loiret and Savoie, it might 
lead the administration of the marine into 
a way that would be regretted. 

Now, there is no danger of this. The 
last comparative experiments made under 
the same conditions, between the engines 
of the type of the Magnanime and the 
Savoie, and those of the Gauloise type, 
proved incontestably the superiority of 
the latter; and, consequently, fully con- 
firmed the conclusions of the commission. 
As will be seen, that proof is easy to be 
apprehended, and will not escape those 
who have opportunity to judge of it. To 
render it more clear, we will follow step 
by step the author of the note, in the 
parallel which he draws between his en- 
gine and that with 2 cylinders. 

The advantages which he claims in favor 
of the 3-cylinder system are: Ist, economy 
of fuel; 2d, the faculty to increase the 
number of turns that may be given to the 
screw without gearing; 3d, the almost 
complete balance of the movable parts 
around the shaft, whatever may be the 
position of the vessel in rolling. We pro- 
pose to demonstrate that, compared with 
the 2-cylinder engine, these advantages 
are null, or much exaggerated; and that 
compared with the engine with 3 cylinders 
independent, the new machine, derived 
from the system of Woolf, is far inferior in 
all respects, except that of economy of 
fuel, in which they are sensibly equal. 

1. Economy of Fuel.—The note esti- 
mates at 20 per cent. the economy of fuel 
which the new engines realize over the 2- 
cylinder engines. This is a mere hypo- 
thesis, which, thus far, is not confirmed 
by facts. In reality, if we recur to the 
experiments on the Loiret, which, on ac- 
count of their great number and duration, 
are entitled to confidence, the mere econ- 
omy of the new engine over the old one 
is but 3 per cent., and in the case most 
favorable for it is but 7.2 per cent. And 
we must further remark that the 2-cylin- 
der engine on which the experiments 
were made was that of the Loiret, tempo- 
rarily transformed for the purpose; and 
that it presented, as we have already said, 
in respect to the working of the steam, a 
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certain inferiority to the ordinary 2-cylin- 
der engine, because of the unusual cir- 
cuit the steam had to make on its way to 
the cylinders, and because of the irregu- 
lar working. 

Actually, if we compare the new sys- 
tem with that of the 3 independent cylin- 
ders, it will suffice to assure us that they 
are sensibly equal in economy of fuel, to 
look at the following table, which shows 
the results of the experiments recently 
made under full steam by the frigates. 
The Magnanime, the Savoie, and the Val- 
eureuse have engines on the new system 
of Mons. Dupuy de Léme; and the Re- 
vanche and Gauloise have engines with 
3 independent cylinders: 





Valeureuse, 
Indret, 

August 26 
3,467 





Forges 

at Chantiers, 
1.622 
3,197 


Savoie, 
May 17, 1866.) and 31, 1867. 





Maguanime, 
June 26, and 
July 24, 1866. 
59.6 and 56.4 
1.295 and 1.285 
3,506 and 3,326 
54.86 and 54 





Forges 
at Chautiers, 
2,554 


Revanche. 
July 25, 1867, 
Mean of Trials. 

1.515 





Gauloise, 
Mazeline 
August 2, 1867. 
1.371 
3,639 
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Names of Vessels. 
Names of Engine-builders, 
Date of Trials, 














Fuel per horse-power per hour, kilog.. 


Total horse-power... 
Number of turns... 


Pressure in inches..........0+ 
Saturation ...... 








The consequences derivable from these 
figures are : Ist. If we compare together 
the engines built by the works of the 
Forges et Chantiers, we see that the Re- 
vanche, working with 3 cylinders independ- 
ent, has an advantage of 6.6 per cent. over 
the Savoie, with the new arrangement. 
The Gauloise and Magnanime, by Maze- 
line, the advantage is 6 per cent. in 
favor of the new arrangement. 2d. Com- 
paring the mean consumption of the 3 
new engines with that of the 2 ordinary 
ones, we find 1 per cent. in favor of the 
former. From these we may conclude 
that the 2 types are sensibly equal in 
economy of fuel, under the conditions in 
which they were tried. But it should be 
observed tliat in the ordinary engines one 
source of economy was neglected ; since 
the same degrees of saturation were 
maintained as in the others, though the 
pressures averaged 28 inches lower. If 
the blowing-off had been proportioned to 
the pressure, there would assuredly have 
been an economy of at least 4 per cent. 
in favor of the old system. 

We will add that, for the greater num- 
ber of competent men, it is no longer 
doubtful that with an ordinary engine, 
conveniently disposed, we can obtain re- 
sults as economical as with the Woolf en- 

ines. 

Further : these engines were not steam- 
jacketed. That of the Friedland, which 
was the subject of Mons. Dupuy de Léme’s 
note, was steam-jacketed ; and on this 
addition, and some other dispositions, the 
author founded his hopes of a notable 
advantage in favor of his new system. As 
these favorable additions and dispositions 
are applicable to the old system, it is clear 
that this system can derive an equal bene- 
fit from them ; and that, consequently, 
they cannot affect the relative economy 
of the two systems. 

In sum, we must consider the two sys- 
tems as having shown equal economy of 
fuel ; and there is no appearance of that 
economy of 20 per cent. in fuel, which is 
the question in the note we have to ex- 
amine. And we doubt if even this 
economy, were it realized, would compen- 
sate for the notable disadvantages of the 
new engines, as compared with ordinary 
engines. 

Another important fact appears from 
the figures in the preceding table ; it is, 
that for pressures as high as 54 to 60 
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inches in the new engines, working with 
full steam, the power varies from 3,467 
to 3,506 horses, while those of the 
Gauloise with only 33.2 inches, and cut- 
ting off at .4, develop a power of 3,639 
horses. This power was raised even to 
3,886 horses during three consecutive ob- 
servations out of the nine which were 
made during an experiment of 6 hours 
and 20 minutes ; the pressure then rising 
to 36 inches. And the Savoie, with 60 
inches, developed only 3,197 horses power, 
while the Revanche, with only 26.8 inches 
pressure, developed 2,554 horses power. 
Hence it appears that when the new en- 
gines work at the normal and pre- 
scribed pressure of 53 inches, and no 
longer at that of 60, used in the experi- 
ment, they will develop a power notably 
less than 3,500 horses, whatever may be 
the energy of the fires and the production 
of steam; because in the trials the admis- 
sion of steam was at its maximum. 

On the contrary, in the ordinary en- 
gine, the power, which was kept at nearly 
3,900 horses during part of the experi- 
ments, could be raised much higher with- 
out augmenting the pressure, were the 
production of steam sufficient to admit it 
during .65 of the stroke, instead of only 
4, at which they then worked. 

The ordinary engine, with three inde- 
pendent cylinders, has then, in this respect, 
a considerable advantage over that on the 
system of Woolf ; for the power of this, 
inferior to what it ought to be, cannot be 
augmented except by an increase of the 
speed of movement, which is already ex- 
cessive ; while the speed of the ordinary 
engine, without diminishing its power, 
may be notably reduced by lengthening 
the pitch of the screw, accompanied either 
by an increase of pressure, or by a longer 
admission of steam, the pressure remain- 
ing the same, without sensible loss. The 
pitch, for example, could be 28.3 feet, the 
same as heretofore adopted for engines 
of this power. 

In other points of view, the speed of 
movement, which is required to be greater 
in the engines on the new system than in 
that to which the engines of the Gauloise 
may be reduced for a given power, as we 
have explained, increases the chances of 
derangements in the machinery so much 
the more by requiring a higher pressure 
and temperature; so that there is a con- 
straint to run faster, when, on the con- 





trary, there should be less speed than in 
the ordinary engine, to insure equal safe- 
ty. This is a grave inconvenience. 

While saline incrustations present, in 
their formation, irregularities which are 
unexplained, experience proves that we 
cannot without danger employ pressures 
so high as 54inches. In fact, in the Loi- 
ret, with 50 inches mean pressure, copious 
blowing-off did not suffice to keep the 
boiler free from incrustations, which in 96 
hours of firing attained to a .4 of an 
inch thickness, although care was constant- 
ly taken to keep the salinometer (satur- 
oméire) under the regulation figure 
of 3°. It was therefore indispensable that 
the new engines should be provided with 
surface condensers, in order that the high 
pressures they require should be admis- 
sible; and that condition was pointed out 
in 1863 by the president of the commis- 
sion, for cases in which this kind of en- 
gine was persisted in. 

Finally, we must foresee the time when 
boilers will be more or less weakened by 
use, and it will be necessary to lessen the 
pressure on the safety-valves, and. work 
with lower pressure. In the new engines, 
which, even with the normal pressure of 
54 inches, do not develop the power de- 
sired, there will be a diminution of power 
corresponding to the diminution of press- 
ure, while in the Gauloise engines there 
will be the capability of maintaining full 
power, even with the low pressures, by 
allowing the steam to follow as far as may 
be necessary. 

2. Capability of increasing the number of 
turns of screws that can be obtained with- 
out gearing.—To prove this capability, M. 
Dupuy de Léme depends on the assump- 
tion that while the effectiveinitial press- 
ures in his engine is 38.4 inches, that 
in the 2-cylinder engine must be 75.2 
inches. Without examining at this moment 
whether the initial effective pressure will 
be under all circumstances 38.4 inches 
in the new engines, it is easy to see 
that the author commits a manifest 
error in estimating at 75.2 inches the 
pressure in the 2-cylinder engine work- 
ing under the conditions indicated. In 
effect, this is his reasoning: ‘“ With an 
engine with 2 cylinders equal in diame- 
ter and length to those of the 3-cylinder 
engine, and making the same number 
of turns, it would be necessary to in- 
crease the mean pressure in the ratio of 
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$ to 2: it would then be 50.4 inches  in- | the stroke, the pressure on the joints of 
stead of 33.6. But to obtain this mean | the connecting-rod is equal to that on the 
pressure of 50.4, even with an admission | piston, minus what is necessary to give 
of .7, -~ back eng hg - — oP ay sagen. —_ 1 goon 4 
it wou e necessary tha e initial | quired by the movement of the crank. 
pressure should be 79.2, giving 75.2 inches | During the last half, on the contrary, the 
effective pressure.” ; . pressure is equal to that on the piston, 

The first of these assertions is very ex- | plus what is necessary to extinguish the 
act; but the second is absolutely inad-| speed, or the vis viva generated during 
missible. It is true that the aaah press- the first half of the aie. ” 
ure ought to be 50.4 instead of 38.4! Calculations of all the particulars of 
inches; but it is easy to see by the dia- | this nature involved in the three types of 
gram, that to obtain a mean pressure of | engines, show that the new engine has an 
50.4 with an initial pressure of 79.2, it) advantage of only 10 per cent. over the 
would be necessary that the lino of press- | 2-cylinder engine; that is, in the ordinary 
ures should assume a special curve, | 2-cylinder engine the maximum pressure 
which could not be produced except’ on | is only 10 per cent. greater than in the 
the double condition of close throttling | new engine; and in the engine with 3 in- 
and cutting off at .2 or .3 of the stroke. dependent cylinders the maximum press- 
In the case we are discussing, cutting off | ure is a third less than in the new engine. 
at .7, we are far from this last hypothesis. | These consequences singularly attenuate 

As to throttling, we need not have| the importance which the author hopes 
recourse to it: for it is too generally ad-| to draw in favor of his new engines, from 
mitted, contrary to an opinion that has/| the consideration of the more equable 
long prevailed in the marine, and that | pressure on the gudgeons and crank-pins, 
the author of the note seems still to hold, | as compared with the ordinary 2-cylinder 
that throttling is disadvantageous, since | engine; and they show, in this respect, a 
even in the condition in which he places | great advantage in favor of the engine 
it, the loss of power by it would not be | with 3 independent cylinders—a double 
less than 10 per cent. And to get a mean | result which appears not to have been 
— of 50.4, the boiler pressure would | foreseen. 

e raised, not to 83.6, but only to the| 3. Static Equilibrivm.—The third ad- 
point necessary to get the mean pressure | vantage claimed by the author in favor of 
—s with the valves wide open, as , the new engine is, “the almost complete 
Mi i RMwa 
usual form. Under these conditions it} This assertion is evidently exaggerated, 
will be seen that for a mean pressure of | for the fixing of the 3 cranks at 90° and 
50.4 the maximum will be 56 inches in the | 135° distance affects notably (in the ratio 
cylinders, and about 34.8 in the boilers of 1 to 1.4) the static equilibrium in ques- 
above the atmospheric pressure. — _ | tion. If, in this respect, we compare the 

In what concerns the engine with 3 in-| engine of the Friedland with 2-cylinder 
dependent cylinders, the meximum press- | engines, which are counterweighted, as in 
ure according to the diagrams would be | the practice of Mazeline and Indret, it is 
54 for a mean pressure of 33.1 inches. | easy to see that the latter are in the best 
And, even according to this mode of com- | condition of static equilibrium; and that 
putation, the maximum pressures in the | if one them had been set up in the Champ 
2-cylinder engines would exceed that in| de Mars in the same manner as that of 


the new engines by only 17.2 inches in- | the Friedland, it would have shown re- 


stead of 36.8, as assumed in the note, | sults superior in this respect. 


and by only 14.8 inches in the engines | 
with 3 independent cylinders, an excess | 
that could easily be made to disappear, 
as we have before shown. 

But this mode of computation is abso- 
lutely inadmissible, because it takes no 
account of the inertia of the reciprocaiing | 


parts. In effect, during the first half of 


As to the engines with 3 independent 
cylinders, they also are manifestly in the 
best condition of static equilibrium, since 
their cranks are fixed exactly at 120°. 

Finally, if we consider the variations of 


| the couples of rotation, it will appear, from 


the curves which represent them, that 
there is a considerable advantage in favor 
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of the engine with 3 independent cylin- 
ders; and a less but still notable advan- 
tage in favor of the 2-cylinder engine. 
In effect, the ratio of the minimum to 
the maximum power during the revolu- 
tion is: for the 3 independent cylinders, 
1 to 1.4; for the 2 cylinders, 1 to 1.74; 
and for the new engine 1 to 2.56. 

The fixing the cranks at 90° and 135° 
has more serious consequences than might 
be supposed. We have said that it alters 
in the ratio of 1 to 1.4, the conditions of 
the static equilibrium. An examination 
of the curves of rotation will show the 
pernicious influence which it exercises in 
this new point of view. 

Conclusions.—Comparing the new en- 
gire, derived from the system of Woolf, 
with the common 2-cylinder engine, we 
see, from what has been shown, that the 
latter (placed in conditions exceptionally 
disadvantageous, as it was in the Loiret) 
consumes from 3 to 7 per cent. more fuel; 
a small inconvenience in itself, which is 
more than compensated in a war vessel 
by the advantage of employing for the 
same number of turns of the screw, a 
much lower pressure in the boiler, and 
consequently a lessened liability to incrus- 
tations—so rapid at high temperatures, 
and a lessened danger of eventual rupture 
of the boiler; or, if it be preferred to use 
the same pressure, a slower rotation of 
the screw may be adopted. 

The maximum stress on the gudgeons 
and crank journals are greater in the 
2-cylinder engine ; but are not double, as 
the author of the note claims; and the 
difference, 10 per cent., is at most insig- 
nificant. 

In compensation, the uniformity of the 
couple of rotations is more satisfactory in 
the 2-cylinder engine, and this engine 
costs less, weighs less, and occupies less 
room; and herein (besides the lower 
boiler pressure) is an important military 
advantage, since the excessive thickness 
of the armor plates now used puts great 
difficulties in the way of the effective 
armoring of the vital parts of war vessels. 

Finally, since the normal pressures in 
the boilers are very unequal in the two 
engines, for a given power, it follows that 
when the boilers have become weak, and 
it is required to lower the pressure, con- 
formably to the rules in force, that reduc- 
tion will be much more disadvantageous 
in the new than in the old engine ; for 





the power of the new engine will decline 
with the pressure, while that of the old 
one will remain undiminished though the 
pressure be greatly reduced. 

After balancing their respective advan- 
tages and inconveniences, it appears that 
the superiority attributed to the new ma- 
chine by its author, over that with 2 
cylinders, is entirely contestable. But 
compared with the 3-cylinder engines 
of the Gauloise type, the new type of the 
Savoie falls short in all respects. In 
effect: Ist. They are equal in economy 
of fuel, nevertheless, with 23.6 inches 
lower pressure, the Gauloise engines have 
realized 400 horse power more. 2d. They 
offer more security in running the screw 
at higher speed, because the couple of 
rotation is more regular, and the stress 
on the journals is 50 per cent. less, and 
the strains that may arise from elevation 
of the temperature of the steam are less 
to be feared. 3d. The static equilibrium 
of the reciprocating parts is more com- 
plete, because of the more regular posi- 
tions of the cranks on the shaft. 4th. To 
realize the normal power of 4,000 horses, 
we can in these engines reduce the speed 
of screw adopted in that of the Friedland, 
by increasing either the pressure (with- 
out exceeding the limit of 53.2 inches), or 
the admission of steam; while in the 
Friedland’s engine it cannot be obtained 
without exceeding this pressure, or in- 
creasing the number of turns, already too 
great. 5th. As the normal admission in 
the Gauloise engines is but .4, when the 
boilers have become weakened, we can, 
without lessening the power, by cutting 
off later, use a lower pressure, which 
would be impossible in the new engines, 
where the admission is already at its 
maximum. 6th. Finally, in case of dis- 
abling one of the outside cylinders, the 
engine of the Friedland, in the condition 
in which it is worked, would be nearly in 
the predicament of a 2-cylinder engine 
with one cylinder disabled ; while that of 
the Gauloise could disconnect either of 
its 3 cylinders without ceasing to be a well- 
connected engine. 

To recapitulate: the 3 advantages which 
the author attributes to the new engine 
compared with the 2-cylinder engine— 
advantages which we have reduced to 
their just value in this case—are changed 
into many causes of marked inferiority 
when compared with the 3-cylinder en- 
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gine of the Gauloise type; which pos- 
sesses, moreover, the advantages of the 
first order stated in sentences 4 and 5 of 
the last paragraph. This machine, de- 
rived from the Woolf system, is therefore 
far from constituting an “important pro- 
gress,” as claimed in the Note. Its prin- 
cipal defects may pass unperceived in 
time of peace, because the occasions when 
it is necessary for the engines of war ves- 
sels to develop their full power will be 
rare and of short duration. But during 
war, for which these vessels are built, 
the rapid movements which require 
high pressure and hazardous speeds of 
piston will be frequently required and ob- 
tained; for the persons in charge will 
then very often be over-excited by senti- 
ments which in time of peace have in- 
fluence only in very rare cases of danger. 
Then will be revealed the serious dan- 
gers of these engines. In prospect of 
such eventualities, we should not hesitate 
to transform them without delay into en- 
gines of the Gauloise type, which, hap- 
pily, can be done without difficulty. This 
type begins to increase in the English 
fleet (the type of the Octavia, by Mauds- 
lay); and the Commission of the Loiret, 
in recommending it in 1863, in preference 
to that which the Note sought to establish, 
indicated to the administration one of the 
best ways that it could follow. That is 
what we have endeavored to demonstrate 
here: and we hope we have done so by 
satisfactory evidence. 





Woop Parrr.—David Adam Fyfe, of 
Edinburgh, patents methods of pre- 
paring paper pulp from wood, etc. Ac- 
cording to this plan the wood, reduced 
to thin shavings, and cut into suitable 
lengths, is boiled under a pressure of 
about 10 pounds per square inch, first 
with a solution of caustic soda, and after- 
wards with a weak solution of sulphuric 
acid. Next, the macerated shavings are 
subjected to a crushing or opening out 
process, and the fibre obtained is submit- 
ted to action of a washing and beating 
engine, the water used in this engine 
being rendered acid by the addition of 
about 1 part of sulphuric acid to each 30 
parts of water. Finally, the fibre, whilst 
still saturated with acidulated water, is 
put into a bleaching engine charged with 
a solution of chloride of lime; and in 








some cases air forced in by a fan or pump 
is caused to pass up through the fibre 
whilst it traverses the race of the bleach- 
ing engine, thus facilitating the process of 
bleaching. The patent includes the ap- 
paratus to be employed in carrying out 
the above mode of treatment. 





HIP Canat to Panrts.—The “Revue 
h) Moderne,” of Paris, opens up an old 
French idea, which was also a “ Napo- 
leonic idea”—that of making Paris a sea- 
port by a canal to Rouen and Havre via 
the Seine. It was one of Vauban’s pro- 
jects, and it was encouraged by various 
monarchs. The present projectors say 
that large ocean steamers could reach 
Paris by canal, taking the freight at that 
city and the coal at Havre. It is proposed 
that government shall guarantee 4} per 
cent. to the Canal Company, and that the 
excess of the proceeds over 6 per cent. be 
kept down by reduced rates. Remarkably 
enough, the ancient blazon of the city of 
Paris isa ship. The quays of the Seine 
—the finest in the world—would seem to 
have been adapted in advance to that idea 
of a grand metropolitan canal, which 
would be one of the most arduous modern 
achievements in engineering. 





\ ] ATERING Roaps.—A paper was read 
before the British Association on 
this subject, tracing the history of the 
practice from the time of throwing water 
from the gutters with a shovel, to the 
watering cart of the present day, which 
inadequately does the work in London, 
for instance, at the cost of half a million 
(gold) per summer. The paper states 
that 1 pound or } pound of chloride of 
calcium and chloride of sodium mixed 
to 1 gallon of water, thrown into the 
watering cart, hardens and concretes the 
surface of a road to such an extent that 
no dust arises. Also that the saving of 
water is 75 per cent.; that the deliques- 
cent salts are also antiputrescent; and 
that much cost of road repairs is saved. 





ENTIGRADE to Fanrexnetr.—Multi- 
) ply the centigrade degree by 2. Sub- 
tract one-tenth of the product from the 
product itself, and add 32 to the remain- 
der. The result will be the Fahrenheit 


degree. 
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SEACOAST DEFENCES. 


THE QUESTION OF MASONRY FORTS—MON- 
CRIEFF’S SYSTEM OF PROTECTING GUNS. 


The recent experiments on ordnance 
against armor at Fortress Monroe and at 
Fort Delaware have repeated the fact so 
often and so fully demonstrated at Shoe- 
buryness, that adequate fixed iron de- 
fenses are costly to an extent that may, with 
our extensive coast line, absolutely pre- 
vent their general introduction. The ex- 
cage ge have also established other 

cts of importance to which farther ref- 
erence will be made. 

The experimental targets at Fortress 
Monroe were—First, an open embrasure 
of earth, strengthened by iron about the 
throat, designed as a modification of the 
barbette system, and intended for the 
protection of gunners and guns firing 
over earthen parapets. Mere earthen 
slopes would be too flat to afford any 
protection. An iron shield, with a 
notch in the top, forming an embrasure 
for the gun, was, therefore, set into the 
earthen embrasure. This shield was 
composed of solid plates 12 inches thick, 


supported at the back by 2 posts and a 
cross beam, each 12 by 15 inches in sec- 
tion, and embedded at the bottom and 
sides in an internal wall of masonry. 
Three spherical shots from the 13-inch 
gun, and one from the 15-inch gun, broke 
up the plates and the vertical beams very 


badly. The horizontal beam was not 
broken, but the internal walls and their 
iron clamps were shattered. 

The more important experiment was 
upon a casemate having an iron front 
or shield. Instead of the ordinary wall 
pierced with an embrasure, the front of 
the work consisted of 2 heavy piers, 
one of stone and one of brick, 14 by 16 
feet in plan, and 11 feet apart, this inter- 
vening space being closed with the iron 
shield pierced for the gun, and the 
covered casemate for the gun being 
formed of rear piers and arches in the 
usual manner. The shield was composed 
of two 12-inch plates about 4 feet wide 
on each side of the embrasure, each plate 
being supported by two 12 by 15-inch 
vertical iron posts in the rear. To close 
the bottom part of the opening between 
these plates, a 15-inch plate, made up of 
2 thicknesses of 7} inches each, was set up 
outside of them, forming the sill of the 


| embrasure, and another narrow plate 
formed the lintel. The whole was se- 
cured by suitable bolts. 

The shield presented an area of 11 by 12 
feet, and received 6 shots at 150 yards 
range, viz.: 3 steel balls of 480 pounds, 
and one cast-iron ball of 450 pounds from 
the 15-inch smooth bore, the last 3 being 
with the maximum charge of 100 pounds of 
powder; and 2 shots from the 12-inch 
rifle, one of them a 658-pound steel bolt, 
with 70 pounds of powder, and the other 
a 658-pound chilled iron bolt with a 64 
pound charge, representing 500 yards 
range. One of the shots struck a lintel 
over the embrasure, breaking it in two; 
the others struck in most instances upon 
the weakest parts of the shield, and with- 
out perforating the 12-inch plates threw 
off fragments from the rear of the plates, 
though to no great distance, and which 
would have been stopped by an inner 
skin. 2 of the iron posts, to which the 
armor plates were fastened, were broken 
clean across, and a third post in 2 
places, the fragments being thrown down. 
Other shots were fired at the masonry 
with charges representing 1,000 to 500 
yards range. The brick pier, at the close 
of the trial, was a mass of ruins outside, 
while the stone pier, though badly dam- 
aged on its face, showed no injury within 
that need seriously impair its defensive 
capacity. The most important damage 
to the stone pier was at the angle where 
it joined the iron shield, it having been 
struck by an oblique shot. If the shield 
had been built farther into the pier, this 
injury would, probably, have been less 
serious. 

It is but just to General Barnard, who 
designed the work, to state that 3 years 
ago, when it was planned, no equally 
heavy armor had been destroyed by Eng- 
lish ordnance, and our own heavy guns had 
not been tried with their present enor- 
mous charges. 

The other experiments at Fortress 
Monroe were as follows: An embrasure 
planned by the late General Totten, con- 
sisting of the usual masonry with a throat 
of plates or bars 8 inches thick, received 
8 shots from this heavy ordnance, and 
was badly shattered both without and 
within. 

The experiments at Fort Delaware, De- 
cember 3d, were designed to test another 





manner of strengthening an existing em- 
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brasure by iron armor. One of the Tot- 
ten embrasures of the fort was opened 
out to a hole 8 feet wide by 6 feet high, 
and lined by 1-inch iron plates. Inside 
the opening was set up a solid 8-inch 
plate backed by a 7-inch plate made in 2 
pieces. The 15-inch shield thus formed 
was pierced by a 3 by 4 feet embrasure 
cut out of the solid tron, with rounded 
corners, and was supported in the rear, at 
each side, by a bracket extending from 
the top to the bottom of the casemate, 
and built into the masonry. The bracket 
was made of vertical and horizontal 1- 
inch, and 1}-inch plates riveted together 
like a compound girder. 

A 624-pound chilled iron shot, with a 
64-pound charge (representing 70 pounds 
at 500 yards range), was fired from the 
12-inch rifle at 150 yards range, and 
1,180 feet initial velocity, and drove a 
clean hole through the 15 inches of iron. 
The second shot, a 15-inch steel ball with 
84 pounds of powder, shattered the rear 
of the shield, but did not penetrate. Tho 
third shot, a 15-inch cast-iron ball, did 
less damage, but knocked pieces off the 
rear of the shield. Three 15-inch balls 
and one 12-inch rifle shot were then fired 


at the masonry—the unbroken wall of the 
fort, which was found to stand better 
than the isolated masonry structures be- 
fore mentioned. The 1-inch linings of 
the embrasure did good service in keep- 


ing out splinters. The box-bracket sup- 
ports held on well, and proved, what has 
often been proved at Shoeburyness, that 
this is the best construction for backing 
and supporting shields. The plates, how- 
ever, were very defective. They were 
rolled at Pittsburgh, from piles of 13-inch 
plates, out of iron considered good for 
machinery purposes, but evidently too 
hard for armor. The English experience 
long since proved that iron having the 
highest tensile strength, is unfit for resist- 
ing sudden blows, and that hard steel 
plates are quite worthless for this pur- 
pose. Hard plates are cracked like glass. 
Soft plates are bulged and distorted, but 
they keep out the shot. The plates referred 
to were also badly welded; this was shown 
by the complete separation of the 14-inch 
lamine at the fracture. 

The question then arises, can our coasts 
be protected by any other means than 
perpendicular walls of either iron or 
masonry? General Barnard says on this 





subject in a letter to the “New York 
Times”: “I feel confident that every en- 
gineer would most gladly substitute earth 
for crumbling granite; far more gladly, 
indeed, than to resort to a material 
so costly as iron and, as yet, so unsatisfac- 
tory. Earth is the cheapest of all ma- 
terials, and the best possible medium to 
resist cannon shot. Let any one, how- 
ever, look at a 15-inch or a 20-inch gun 
mounted behind an earthen parapet, and 
he will recognize that those who load 
and direct these ponderous weapons are 
scarcely protected at all, and this defect is 
not remedied by forming.an earthen em- 
brasure. Unless, therefore, the battery 
be very high, earth alone is entirely inad- 
equate as a protection for guns or gun- 
ners. Again, it frequently occurs that 
very limited but most important sites are 
to be occupied, such as the artificial sites 
at Spithead, England, and many on our 
own coast, which afford insuflicient space 
for the requisite number of guns in ordi- 
nary earthen batteries, and which are so 
low that such batteries are quite inadmis- 
sible.” 

But another system of protection—Cap- 
tain Moncrieff’s system of gun-carriages— 
recently tried at Shoeburyness, has made 
a considerable commotion in foreign mili- 
tary circles, and may be destined, in 
some form, to prevent the great exten- 
sion of the old system of fortification, 
although probably not to supersede 
the use of the defenses at present con- 
structed. By this system the force of re- 
coil is utilized for the purpose of putting 
the gun and gunners out of danger, by 
sinking the gun below the parapet, and 
that force is stored up by means of a 
counterweight, to relift the gun to the 
firing position when reloaded. And by 
means of mirrors, aim can be taken and 
the gun discharged without exposing the 
guuners to any direct aim from the 
enemy, whether riflemen or others. 

Says the “Army and Navy Gazette”: 
The late trials have had for their object 
less to test the general working of the 
carriage—which a very few rounds at 
Woolwich has shown to be satisfactory— 
as to try whether in respect of facility of 
working, rapidity, accuracy, and power 
of sustaining rough usage, the system 
would furnish satisfactory results. All 
these points had, one by one, been urged 
as objections to the system, and one by 
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one have had to be abandoned. The 7- 
inch 6}-ton gun has shot just as accu- 
rately from the Moncrieff carriage as it is 
capable of doing when mounted in the 
ordinary way. It has shot well not only 
at a fixed but at a moving object—thus 
disposing also of the objection that the 
carriage would be difficult to manage. 
On this point further satisfactory evidence 
is afforded by the fact that three men 
managed the 22-ton gun, counterweight 
and carriage, with ease and very fair ra- 
pidity. With a full detachment, a rate of 
fire of one round in 1 min. 32 sec. was 
attained at a moving object. We have 
little doubt that it will be found practi- 
cable to serve and fire guns mounted on 
this system at a rate not exceeding a round 
a minute. 

It cannot be doubted, says this author- 
ity, that the Moncrieff system is destined 
to revolutionize the art of defense, except 
in positions where earthworks are not 
permissible; positions such as shoals, or 
spits of land ; or for sea forts like the 
Plymouth breakwater fort. 

We may assume that earthworks will 
take the place of masonry and iron 
shields ; and that behind these earth- 
works will be placed Moncrieff bat- 
teries. Or better still, earthworks them- 
selves will disappear and give way in 
large measure to gun-pits, from which 
the guns would rise, deliver their fire, 
and disappear, leaving no mark for the 
enemy’s fire or tangible object of at- 
tack. A more embarrassing position for 
an army advancing through what is 
deemed an undefended country, and find- 
ing itself suddenly face to face with an 
invisible fortress, cannot well be con- 
ceived. But that is the prospect which 
the adoption of the Moncrieff battery 
holds out to us ; or we have the prospect 
of an unbroken line of earth parapet, 
from behind which at uncertain intervals 
guns will keep popping up. The defend- 
ers in both cases would be absolutely se- 
cure against horizontal, and only slightly 
exposed to vertical fire. Or, if great stress 
be laid on security against vertical fire, a 
simple mechanical arra —— can easily 
be applied which would make gun and 
a quite snug. And the important 
eature of the system is that batteries on 
this plan can be improvised at a short 
notice. No expensive or elaborate con- 
crete foundations are required, owing to 





the absence of a horizontal destructive 
strain upon the platform or racers (the 
strain being absorbed by the recoiling 
carriage); and the creation of a little for- 
tress of gun-pits might be left until war 
was imminent, so long as we had in store 
plenty of guns and Moncrieff carriages to 
place in them. 

The unprofessional writers in Eng- 
land, however, go to ridiculous lengths in 
praising the new system, and decrying 
forts and all that military science has 
heretofore accomplished. Says a writer 
in the “Saturday Review,” we have spent 
£5,000,000 upon works that Captain Mon- 
crieff’s discovery had already rendered 
useless and worse than useless. To 
which a writer in “ Engineering” re- 
sponds in defence of forts, as follows ; 
With all the advantages of the Moncrieff 
“ discovery,” forts will be just as neces- 
sary as ever they were. One of the great 
objects of defensive works is an obstruc- 
tion to the enemy, which neutralizes his ef- 
forts and delays him at points where his 
power is the least, under the most effect- 
ive defensive fire; and a means of direct- 
ing upon him shot, shell, or musketry 
fire, from a commanding position on 
every point within range of the defensive 
weapons. The guns in these construc- 
tions may be in casemates or in open bat- 
teries. Captain Moncrieff’s invention 
will not enable us to dispense with con- 
structions such as these. 

For example, say that a strong force 
were determined to seize a battery of 
Moncrieff-mounted guns in a pit—which 
is a species of fortification—they, meeting 
no hindrance but the shot from the guns, 
might very quickly, though with decided 
loss, seize the guns and gunners, while 3 
times the same number of men would not 
be able to seize the same number of guns 
in a well-fortified position. 

Let us suppose a fortress construct- 
ed on modern principles—with a glacis, 
ditch, and covered way. The march of 
the storming party must be up the in- 
clined plane of the glacis, every inch 
of which is exposed to the full sweep 
of the musketry fire from double lines 
of sharpshooters, on the covered way, 
covered by an indestructible parapet 
—the whole breadth of the glacis— 
and the artillery on the ramparts inside 
the ditch. It is surely clear to those dis- 
posed to think, that an assailant in fore- 
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its way under these conditions up to | 
the ditch, would have suffered far greater 
loss than in marching up to the edge of a | 
gun-pit. In the latter case his effort | 
would have attained its object; in the 
former, by far the most dangerous part 
of the struggle would be only commencing. 
By escalade, “the most desperate of mil- 
itary undertakings,” would be the only | 
chance of ensuring success. While low- | 
ering their ladders into the ditch, de- | 
scending, and raising them against the | 
escarp, the loss of the assailants from 
the musketry of the enceinte and the ar- 
tillery on the flanks playing upon them 
with terrible precision, must be fearful. 
Add to this the reception they would 
meet with the point of the bayonet when 
they reached the top of the ladders, 
with the certainty of many of these, with 
their human loads, man closely following | 
man, being hurled into the ditch, crush- | 
ing or demoralizing all below, while the | 
musketry and artillery of the place are | 
continuing to pour upon them their dead- | 
liest fire. It is surely unnecessary to fol- | 
low the scene to greater length, though | 


and even trial, with us during the last 
year or two. 

Mr. Bridges Adams, after describing 
Moncrieff’s system, says: So far allappears 
perfect. The weight of the simple gun is 
multiplied into a machine tripled or 


|quadrupled without any advantage as a 


gun of position, but with considerable 
disadvantage as a weapon of attack, by 
|reason of that very weight, un/ess by the 

use of rails. The mark is rendered more 
difficult to aim at, but there is a mark, 
and a very prominent one, in the form of 


'a@ mirror, and unless the gun can be made 


to change its position after every shot, a 


concentrated fire may be brought to bear 
‘upon it as soon as it rises. 


The guns 
should therefore be on rails for latcral 
‘movement. Any attacking force using 
the same guns, would have to lay down 
‘rails in trenches, with earthwork para- 
‘pets. 

As a means of coast line defense a cur- 
vilinear sunk railway, armed with Captain 
| Moncrieff's guns, would be far more for- 
'midable than any fixed forts, and far 
| cheaper. But if made fixtures in sunken 


this is not its end, to prove the immense pits, they must either be covered over, or 
difference between the defensive power | they would be destroyed by shells, for we 


of a well-fortified position and an extend- | may be sure that the process of she lling 


ed gun-pit. will assume quite a new phase in accuracy 

This authority concludes, that the ear- under this new stimulus, and that shells 
lier adoption of the Moncrieff system | will be planted nearly as accurately as 
would not have superseded the necessity point blank shot, by vertical fire, and even 


for any of the late defensive works in | 
England, but admits that it will greatly | 
add to the defensive power of many of | 
these works. In open batteries the secu- 
rity it will afford to the gun and gunner | 
will be of immense value, and where in 
these the embrasures would have required | 
iron shields, it is possible £1,000 a gun | 
may be saved by the adoption of the 
Moncrieff carriage. 

Says General “Barnard, in the acticle 
before quoted: Until something is estab- | 
lished with regard to future construction, 
we must try to make the best use of such 
means as we have, and including among 


from ships with a stable base in tolerably 
calm weather. 

In conclusion, it should seem that the 
| thorough examination and test of Mon- 
crieff’s system is even more important 
in America than in England. When 
an invention involving a large expen- 
diture has run the gauntlet of the 
War Office and Shoeburyness, with per- 
fect success, it can hardly be deemed an 
“experiment.” We think this invention 
| Should be taken up at once by our Gov- 


‘ernment, as a tested war machine. There 


is little doubt that Captain Moncrieff’s 
apparatus would be improved and sim- 


them earth obstructions, torpedoes, float- | ‘Plified by the best mechanical engineers, 
ing batteries, etc.; and, though last, per- either English or American, and if an in- 
haps not least, the newly devised carriage ducement were offered to our leading 
which I should call the “Moncrieff” were machine builders now to study upon it, 
it not that a model by an American “en-; and prepare for its manufacture, more 
gineer” officer, on precisely the same defensive plant and machinery could be 
principle, has been in existence for many | put into the field in three months than 
years, and that other plans to accomplish | the old system could supply in as many 
the same purpose have been under study, | years. 
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EPHOSPHORIZATION or Iron ror 
Bessemer Steet.—Iron from Ké6nig- 
shitte with 0.497 per cent. of phosphorus 
made a very cold short and brittle Besse- 
mer steel. The experiment of refining the 
iron in a reverberatory furnace by means 
of jets of air forced down upon its surface 
with a view to separate phosphorus, led to 
no favorable result, as the percentage of 
the same increased. On puddling the 
iron and reconverting in a cupola into 
cast-iron, according to Parry’s process, 
the percentage of phosphorus was re- 
duced to 0.1, and the iron could be used 
for steel. But this reconverted iron was 
found to be dearer than Cumberland iron 
delivered at the works in Silesia, and the 
process was therefore abandoned. Iron 
when treated this way loses most of its 
silicon, thereby unfitting it for conversion 
into Bessemer steel. Chloride of calcium 
was introduced into the blast furnace 
with the view to volatilize the phosphorus 
as chloride of phosphorus, but the experi- 
ments led to no result, as the chlorine of 
the calcium salt was disengaged at far 
too low a temperature.—Wenpine. Preuss. 
Ztschr. 


XYGEN Licut.—The new light—oxy- 

gen gas mixed with ordinary street gas 
— is so far believed in as to be prepared for 
in the erection of various new buildings. 
Experiments prove that it is nearly 200 
times more brilliant than that emitted by 
a wax candle, and 14 times more powerful 
than the illuminative of carburetted hy- 
drogen, and 194 times that of the gas 
made by the Manhattan Company, as 
shown by actual measurement. It is not 
only more powerful in brilliancy, but, 
compared with the ordinary gas light, 
many per cent. cheaper. A thousand 
cubic feet of oxygen will cost the con- 
sumer, it is estimated, $25, and a thou- 
sand feet of street gas, $3, or $28 for 
2,000 feet of oxygen and carburetted 
hydrogen, which total of mixed gases is 
equal in their iluminative quantities to 
not less than 28,000 feet of the gas that is 
consumed in our street lamps, at a cost of 
$74.—Exchange. 


HERE are 32 manufactories on the 
line of the Hoosac River, at North and 
South Adams, employing a capital of from 
$7,000,000 to $10,000,000, and from 3,000 
to 4,000 operatives. 











‘TEAM on Canars.—An old method of 
applying steam to the propulsion of 
canal boats has been revived on the Erie 
canal. The driving wheel is placed in 
the middle of the boat and rolls on the 
bottom of the canal, being so arranged as 
to rise and fall with the irregularities of 
the bottom. The wheel is 1 foot thick 
and 8 feet in diameter; the periphery is 
furnished with spikes or spurs, which 
prevent the wheel from slipping. The 
speed thus obtained is from 2 to 24 
miles per hour. The extra cost of 
the boat so furnished was $2,500, but 
it is believed boats can be built at less 
expense. 


i. Puppre Baris.—By the so- 
called Radcliffe process, five or more 
puddled balls are put together into a 
large bloom, under a very heavy steam 
hammer, shingled down into a bloom, 
passed for a short time into a heating 
furnace, and rolled off into finished iron 
not more than half an hour after leaving 
the puddling furnace. “ Engineering” 
says: “There are many iron-masters 
who would fear for the quality of the iron 
knocked down from a pile of puddle balls, 
with the corresponding internal cavities 
between them which could hardly fail to 
be receptacles for masses of cinder.” 








CE 1x Lonpon anv Parts.—The purest 
London ice comes from Norway. It 
is stored there in ice-houses lagged by 2 
feet of sawdust, but it wastes 50 per cent. 
in transportation tothe consumer. But the 
great bulk of the ice is used by the fish- 
mongersand pastry cooks, and is quite im- 
pure, coming from ponds and canals. 
During the present season, Paris has been 
largely supplied with glacier ice from 
Switzerland. 


TEW YORK Marker Borprmes.—The 
crusade against these disgraceful and 
indecent sheds has commenced, and we 
hope the press, secular and technical, will 
keep it up till the whole system is re- 
formed. The New York wharves will be 
next in order. 








OLD Artoat.—Since 1859, the United 

States, Great Britain, and France 

alone have added 2} thousand millions of 
gold coin to what was afloat before. 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 





AIL Testixnc Macurye.—Messrs. Wm. 

Sellers & Co. are building a portable 
drop for the Philadelphia, Wilmington, 
and Baltimore Railway, to be used for 
testing the resistance of rails to wheel 
blows. A 75-pound weight is raised by 
hand, falls 4 feet, and is caught on the 
recoil by an ingenious pawl, so as to strike 
no short blows. Each blow is recorded 
by an automatic counter. Some thou- 
sands of blows from this drop are con- 
sidered a nearer approach to actual ser- 
vice than, for instance, the ton weight 
falling 18 feet, which has been established 
for steel rails. 





NE Ipea Men.—An exchange remarks 
that they are seldom healthy, wealthy, 

or wise—nature loves variety; to which 
another answers: Non omnes omnia possu- 
mus. Concentration of thoughtand effort 
in one direction are necessary to distin- 
guished success. Watt was not a jack at 
all trades—we may add—if he did invent 
photography as well as the steam engine. 





HIPBUILDING 1 rae Unirep Sratss, 
\ according to the daily press, is reviv- 
ing. Before the war, 50,000 to 70,000 tons 
were annually put afloat; the rebellion 
prostrated the business totally, and since 
the war, builders have been very timid, 
and more devoted to securing favorable 
legislation than improved construction 
and good contracts. 





| Spgs To THE Misstsstprr.—A project is 
} on foot to effect steam communica- 
tion by water between Ohio and the Gulf 
of Mexico, at Mobile, passing through the 
Tennessee River past the muscle shoals, 
and connecting with the Coosa River by a 
steam canal thirty miles long. 





\ ALKING Macuryes.— The “steam 
1¥ man” was a most impracticable de- 
vice for locomotion, but judging from the 
newspaper accounts, the “walking pas- 
senger-car” that appeared lately in New 
York would seem to be its peer. 





IAMONDS, fastened into a revolving 

tube, are employed to drill rocks in 
Reynolds’ machine, recently tested in 
Vermont. 





‘HE Batpwin Locomotive Worss have 
received during the past year orders 
for no less than 224 locomotives. These 
orders come from all parts of the United 
States and from South America, and they 
are being executed at the rate of 15 per 
month. The capacity of the works will 
be 20 locomotives per month when the 
new shops, now well advanced, are com- 
pleted. 


HINGLE Macarxe.—Walker’s is said 
\O to be in general favor. The peculiari- 
ty which distinguishes it from other ma- 
chines is in the fact that it does not move 
the bolt to be sawn to the saw, and then 
gig it back, or carry it circuitously back 
to its place, but conveys the saw to and 
fro to bolts lying on either side of its cen- 
tre.—Iron Age. 








TEAM Srone Breaxrna Hammers, for 
\) Lake Superior copper mining, are 
built by the Michigan Iron Foundry and 
Machine Shop at Detroit. One of the 
hammers is said to weigh 50 tons com- 
plete. The head falls 9 feet, and strikes 
a 78-ton blow. 





7 ALE.—The propriety of changing the 
site of Yale College to more ample 
grounds is being discussed. The sale of 
the present location would give anet profit 
of $200,000 over what it would cost to 
buy a new and better one. 





ORM or Prosectite ror PENETRATING 

Warer.—Mr. Whitworth, in a paper 
before the British Association, gave the 
results of experiments, which clearly 
prove that the flat-ended projectile pen- 
etrated both water and armor, at an 
angle, better than the hemispherical or 
the gothic end. 





PORTING—Irs Errect on Nationan 
Cuaracter.—Lord Wilton attempts to 
prove, in a book, that only peoples among 
whom field sports are popular, have 
achieved or maintained their freedom. 
The “Pall Mall Gazette” takes his lordship 
totask asfollows: ‘“ Thesporting classes 
have furnished out all the divine right, 
and passive obedience, and high preroga- 
tive men. Our liberties, sad to relate, have 
been preserved by tailors and cobblers.” 


. 





96 VAN NOSTRAND’S ENGINEERING MAGAZINE. 





RUPP’S Sreex Works.—This estab- 
lishment has been in operation 40 
years. It occupies 800 acres of ground, 
200 of which are under roof. It employs 
8,000 workmen at Essen, and 2,000 more 
in the mines and furnaces. The follow- 
ing is a list of the plant and tools: 412 
melting holes and cementing ovens, 195 
steam engines of 2 to 1,000 horse power, 
49 steam hammers, of 1 ewt. to 50 
tons, 110 smith fires, 318 lathes, 111 
laners, 61 end lathes and planers, 84 bor- 
ing machines, 75 grinding machines, 26 
other machine tools, 120 boilers, a gas 
works supplying 10,000 to 11,000 lights, 6 
locomotives, 150 wagons, and 13 miles 
of railway. In 1866 these works produced 
125,000,000 pounds of steel, and had sent 
out 3,500 steel cannon, worth $7,000,000. 
The daily consumption of coal is 225 tons. 
At the Paris Exposition a 15-inch 1,000 
pounder steel gun and a steel forging 56 
inches in diameter and weighing 80,000 
pounds, were exhibited among the products 
of these works. 





HE Lareest Battoon.—A gigantic bal- 

loon has been constructed at Ash- 
burnham, near Chelsea, and is intended to 
afford the public some aéronautical expe- 
rience under circumstances which will in- 
sure safety. The balloon is four times the 
size of that used by Mr. Glaisher, and 
contains 350,000 cubic feet of gas. It is 
nearly spherical in shape, and is capable 
of raising a load of 11 tons. It cost 
$150,000. It is raised by pure hydrogen, 
and is drawn down bya chain pulled by a 
steam engine of 200 horse power. The 
weight of the cable is 2} tons, and its 
length is 2,000 feet. The balloon, car, 
netting, ropes, and _ paraphernalia 
weigh 3} tons, which, with its cable, make 
6 tons of permanent weight, leaving a 
balance of 5 tons as its available lifting 
power. ‘Thirty persons are the comple- 
ment the car is intended to hold, and 
assuming these to average 150 pounds 
each, a balance of some 3 tons lifting 
power is left in favor of the balloon.— 
London News. 





TRENGTH or Corrveatrp Iroy.—We 
\O have in type valuable papers on this 
subject by Mr. Hart and Professor Ran- 
kine. They will appear in our February 
number. 





h ODERN Rotiune-Mut Macurvery, 

instead of being the light, rough, 
foundry-fitted work still seen in some of 
the older establishments, now rivals ma- 


‘rine engineery in solidity and exact- 


ness of construction. The results are 
very clearly seen in increased production, 
better work, and freedom from break- 
downs. The new Abbott rail mill, at 
Baltimore, built by Matthews & Moore of 
Philadelphia, started off right at first, and 
has, without delay, breakdown, or appre- 
ciable expense of maintenance, turned out 
over 50,000 tons of rails the first 2 
years. The Pensylvania Steel Company’s 
24-inch mill at Harrisburg, by the same 
builders, the heaviest train in this country, 
has been rolling steel rails for nearly a 
year, with equally satisfactory results. 
The Reading Railway Company’s mill at 
Reading, also built by Matthews & Moore, 
shows an equally good record. This is, 
everything considered, the most thor- 
oughly built and heavily equipped rail mill 
we have. Three trains, driven by separate 
engines, are each 23-inch, with housings 
suitable for 24-inch rolls, and therefore 
heavy enough for rolling steel rails, which 
was in fact contemplated when the mill 
was erected. 





IVE Bessemer Steet Works are now 

running in the United States: the 
works of John A. Griswold & Co., Troy 
(small plant, the large plant was burned 
in October, but is rebuilding); the Penn- 
sylvania Steel Works, Harrisburg; the 
Freedom Iron and Steel Works, Lewis- 
town, Pa.; the works of E. B. Ward, at 
Wyandotte, Mich.; the Cleveland Rolling 
Mill Company’s Works, Cleveland. 





AWKINS, Herruet & Burratt, Spring- 
field, Mass., have received an order 
for the construction of one of their iron 
bridges over the river at Pawtucket, R. L 
The bridge is to be 160 feet in length, 
with a 20-foot driveway and 2 sidewalks 
of 6 feet each. The cost, including mason- 
ry, will be $14,000. 





ie Yacut Race.—The challenge of 
the English yacht Cambria has 
been accepted by the American yacht 
Dauntless, for a trans-Atlantic race for 
the Queen’s cup won at Cowes by the 
America 17 years ago. 
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